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Technische Documentatie 1971 Vierde jaargang deel 1 t/m 5 
NEE EI ennen Moo 
"Technische Documentatie" is een informatie-uitgave van de N.V. Tochninohe 


Handelmaatschappij Van Dam Elektronica te Rotterdam en omvat por Jury 
circa 300 pagina's technische informatie over hedendaagse 
geert hiermee als aanvulling op de in de Benelux verkrij 
De informatie wordt verstrekt in de vorm van 12 delen per jaar À minimaal #0 
pagina's per deel, waarbij wij ons het recht voorbehouden, moerdoro delen dn 
één keer tesamengeborden uit te geven als het onderwerp, danwel de hoeveel 

heid informatie dit wenselijk maakt, Een nieuw abonnement 
van de betrokken jaargang en eindigt na schriftelijke opz 
voor de jaargang van 1971 is vastgesteld op f 12,50 incl. 
doen bij vooruitbetaling op postgirorekening: 29 55 50. 
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ATE ENT З MELDING VAN VERHUIZING WN 





Verhuizingen geven veel administratief werk indien alle benodigde ин ‹ 
ontbreken; mot ingang van deze jaargang moeten wij aan het verwerken van Uw OH 
verhuizing strikt de volgende voorwaarden stellen: 





Een verhuizing kan alleen kosteloos behandeld worden aln: 
а. deze uiterlijk 14 dagen vóór de verhuizing is bekend gemakt, 
b. het oude adres is vermeld op Uw verhuiskaart. 


e. het nieuwe adres is vermeld op Uw verhuiskaart. 


Й d. UW ABONNEMENTNUMMER IS OPGENOMEN (zie onder Uw adros), 3 
Indien U niet op voornoemde wijze Uw verhuizing op tijd aan ons bekend maak! ‘ 
en hierdoor één of meerdere uitgaven retour komen, wordt f 1,50 aan extra ad 
ministratiekosten en verzendkosten per uitgave in rekening gebracht. Wij heb 


ben deze vergoeding toeten instellen, daar over het jaar 1970 meer dan 55% (!) 
van de verhuizingen niet op tijd binnenkwamen en hierdoor de delen aan onn gi 
terourneerd werden. Dit brengt zulke hoge kosten met zich mee en vergt enorm 
veel tijd, dat wij in rekening moeten gaan brengen aan die abonnées, wolke 
niet op tijd hun verhuizing bekend maken. 


Tevens wijzen wij alle abonnées erop, dat de ons door U ter beschikking me Q 
stelde gegevens voor de adressering gebruikt worden; onduidelijkheden en/of 
onvolledigheden, welke hierin voorkomen waardoor de documentatie niet op de 

juiste plaats terechtkomt, valt uitdrukkelijk buiten onze verantwoording; ovon- 

tueel hierdoor ontbrekende delen worden uitsluitend tegen individuele koston 

wederom toegezonden. E 


(Wist U, dat alle vakbladen dezelfde ervaring hebben; als U als abonnée meo- 
werkt aan een vlotte administratieve verwerking, komt dit U in de vorm van von 
betere redaktionele inhoud ten goede, immers, iedereen kan maar één ding tego- 
lijk doen sesser Je 








Stop ! ————— —" S N 


TO OR U VERDER LEEST: plakt U eerst even & adressering: | 
van de enveloppe op nevenstaande verhuiskaart voordat de enveloPpe in de vuil- 
nisbak verdwijnt...... U kunt deze gegevens bij een toekomstige verhuizing no- 


dig hebben. 
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Bestellen op een moderne manier. 





Mede dank zij onze voorraadpositie en levertijd maken steeds meer cliënten regelmatig ge- 
bruik van onze service. Wij hebben hierbij altijd getracht, onze service optimaal te la- 
ten functioneren en onze cliënten zo deskundig mogelijk te adviseren omtrent het tocpas- 
ser. en verwerken van de door ons aangeboden kwaliteitsartikelen. Dit is een bijzonder 

tijdrovende bezigheid, doch ook in de toekomst willen wij aan iedereen deze service ver- 


lenen en, waar nodig, nog verder uitbreiden. Daarvoor is echter Uw medewerking noodzake- 
АДЕ 2.14 


Door het steeds intensiever gebruik van gegarandeerde betaalkaarten van de Post-, Cheque- 
en Girodienst en betaalcheques van de hier ter lande gevestigde bankinstellingen kunt U 
ors veel tijd besparen door Uw bestellingen op één van de volgende manieren le laten 
plaatsvinden. U bespaart hiermee al onze afdelingen tijd, hetgeen ter Uwer gunste tot uit- 
drukking komt in een optimale service, deskundig advies, snelle levertijd en (want: tijd 
is geld) een concurrerende prijs. 


Manier 1. Bestelling door bijvoeging van een gegarandeerde betaalksart van de PCGD. 





Door de Nederlandse Post-, Cheque- en Girodienst worden zonder kosten betaalkaarten tot 

f 100,- per kaart verstrekt aan rekeninghouders, welke nimmer hun saldo overschreden heb- 
ben. Over deze kaarten kunt U inlichtingen verkrijgen bij elk PTT kantoor of het girokan- 
toor te Den Haag of Arnhem. Deze kaarten worden tegenwoordig als betaalmiddel aanvaard en 
zijn reeds in het bezit van zo'n 1.500.000 rekeninghouders. Deze kaarten kunt U, voorzien 
van ons gironummer (295550), naam (N.V. Technische Handelmaatschappij Van Dam Elektronica), 
plaats (Rotterdam-5011) en Uw handtekening bij Uw bestelling voegen. Vult U hierbij echter 
op een kaart géén bedrag in: zou U door prijsfluctuaties of verzendkosten te weinig betaald 
hebben, dan kunnen wij Uw bestelling niet volledig in behandeling nemen en geeft dit voor U 
bijzonder veel ongemak! Bij Uw bestelling wordt door ons een volledig gespecificeerde nota 
gevoegd, terwijl op deze wijze U tevens de tegenwoordig bijzonder opgelopen rembourskosten 
(f 5,14) beperkt tot slechts f 0,50-f 0,80 voor pakjes tot 250 gram. Daarnaast heeft U Uw 
bestelling in huis op de werkdag, volgend op de dag, dat wij Uw bestelling ontvangen (aus 

1 à 2 dagen nadat U Uw bestelling heeft gepost: adresseer hiertoe uitsluitend aan onze 
Postbus nr. 3149) en behoeft er niemand thuis te blijven om de postbode te betalen ....! 

U ontvangt op deze wijze Uw bestelling franco huis, terwijl U na circa 1 week de afschrij- 
ving door de Post-, Cheque- en Girodienst wordt toegezonden. Wij kunnen U op deze wijze 

een snelle service verlenen doordat onze orderafdeling en boekhouding geen rembourskaarten 
behoeven te verzorgen. 


Manier 2. Bestelling door bijvoeging van een gegarandeerde bankcheque, 





Ook door de Nederlandse bankinstellingen worden cheques verstrekt aan houders van een reke- 
ning-courant. Deze cheques zijn eveneens gegarandeerd tot f 100,-. Over deze betaalcheques 
kunt U bij Uw bankrelatie radere informaties verkrijgen. Op deze cheques, welke U ook kij 
Uw bestelling kunt voegen, dienen onze naam (N.V. Technische Handelmaatschappij Van Dam 
Elektrorica) en Uw handtekening te worden geplaatst. Ook hierbij dient U op één kaart geen 
bedrag in te vullen, zodat het juiste bedrag door ons kan worden ingevuld. De verdere af- 
wikkeling van Uw opdracht vindt plaats als onder "manier 1." is aangegeven, terwijl U na 
enige Lijd een afrekening van Uw bankrelatie ontvangt, 


Manier 5. De kostbare manier voor levering onder rembours. 





Kunt U geen gebruik maken van de onder manier 1 en 2 opgegeven mogelijkheden, dan kunnen 
wij Uw bestelling, mits het totaalbedrag boven f 15,- is, onder rembours uitvoeren; hier- 
bij bent U aan verzendkosten f 5,14 of meer kwijt (dat vraagt de PTT nu eenmaal...), ter- 
wijl U voor bedragen onder f 25,- bovendien f 1,50 extra voor verpakkingskosten in reke- 
ning wordt gebracht. Vraagt U daarom ook een girorekening of bankrelening aan: het is zo 
gemakkelijk, het bespaart U geld en U krijgt nog rente OOK ,....s.... 


Wilt U Uw bestelling per expresse of aangetekerd laten verzenden, dan kunt U dit bij Uw 
bestelling aangeven; de extra portokosten bedragen hiervoor f 1,25. Door ons gironummer en 
onze naam op Uw kaart aan te geven hebben deze voor buiterstaanders generlei waarde. 


Wij zijn ervan overtuigd, dat de onder 1. en 2. aangegeven bestelmethoden voor U en ons 
een groter gemak met zich mee zullen brengen en rekenen op Uw welwillende medewerking 
hierbij; uiteindelijk is dit ook in Uw voordeel .......... 
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By Bob Parsons 


When high-speed logic gates are driven directly by input 
signals with slow rise and fal! times, it is possible for the 
gates to produce false outputs (Figure 1). Oscillation occurs 
when the input signal is held in the linear region of the 
Vin-Vout characteristic (Figure 2) for a period equal to or 
greater than the sum of the gate propagation delays 

ipu + ipLH). When this occurs the gate behaves as a 
linear amplifier with high gain and the various feedback 
paths (Figure 3) contribute to instability and consequent 
false outputs. 
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FIGURE 1. Generators of Slow Rise and Fall Time 
Signals. Reaction of a high-speed 
logic gate to these signals 
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FIGURE 2. Typical Transfer Characteristics 
for SN54/7400 Gates 


FIGURE 3. Gate Behaving as Linear Amplifier with 
Possible Feedback Paths 


One solution to slow-rise-time problems is the intro- 
duction of hysteresis in the Vin-Vout characteristic with a 
discrete Schmitt trigger arrangement shown in Figure 4. 
The Schmitt trigger's positive feedback introduces a snap 
action that eliminates oscillation. Another advantage of this 
hysteresis is the increased d-c noise margin. D-c noise 
margin is defined as the difference between the guaranteed 
logic-state voltage limits of a driving gate and the voltage 
requirements of a driven device. 
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FIGURE 4. Schmitt Trigger Using Diserete Components 
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This circuit however, is not temperature-stable. The 
Vin-Vout characteristic shows the variations of threshold 
voltage levels with temperature. In addition to all the 
disadvantages of being a discrete-wired circuit, this circuit 
requires a low-impedance driver. 

The SN54/7413, a monolithic IC from Texas 
Instruments, provides Schmitt trigger action eliminating the 
disadvantages of a wired-up circuit. The hysteresis 
(800 mV) provided by this schmitt trigger is illustrated in 
Figure 5. In addition the SN54/7413 is temperature- 
compensated. 
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FIGURE 5. Vi; V gut Characteristic of SN7413 
Showing Hysteresis 


For convenience this report discusses only the 
SN7413. However all statements made about the 
SN7413 are also true of the SN5413 which is distin- 
guished by being characterized in the military tempera- 
ture range. 

Data specifications of the SN7413 are not in- 
cluded in this report but are available on request. 





SN7413 CHARACTERISTICS 


The SN7413 dual Schmitt trigger consists of two 
identical Schmitt trigger circuits in monolithic integrated 
circuit form. The internal circuitry does not resemble 
Figure 4 but has simpler faster arrangement. Logically, each 
circuit functions as a 4-input NAND gate, but because of 
the Schmitt action the gate has different input-threshold 
levels for positive- and negative-going signals. The 
hysteresis, or backlash, which is the difference between the 
two threshold levels, is typically 800 mV (see Figure 5). 

The SN7413 is fully compatible with many TTL 
families because it has a totem-pole output section and 
multiemitter-transistor inputs clamped by diodes to the 
substrate. The logical 1 and O output levels (referred to in 
the data sheet as "high" and "low" respectively) are 
identical to those of standard TTL. The propagation delay 
from input to output is typically 16 ns. 

Figures 6 and 7 show the input-output voltage 
characteristics of the SN7413. Figure 6 shows input voltage 
Vin plotted versus output voltage Vout at 100 KHz. 
Figure 7 shows input current lin plotted versus Vin. For 
Vin less than —0.5 V, the internal clamp diodes conduct. As 
the input voltage passes the upper threshold, the input 
current decreases rapidly due to the turning off of the 
multiemiiter input-transistor. The transistor remains turned 
off until the lower threshold is passed, the input current 
then being determined by the input characteristics of a 
normal TTL gate. 
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FIGURE 6. Input Voltage versus Output Voltage 
Oscillograph for a Typical SN7413 


The built-in temperature compensation ensures very 
high stability of the threshold levels and the hysteresis over 
a very wide temperature range. Typically, the hysteresis 
changes by 3 percent, and the upper threshold by 1 per- 
cent, over the temperature range of —55°С to 125°C. The 
SN7413 can be triggered from the slowest of input ramps 
and still give a clean, jitter-free output signal. It can also be 
triggered from straight d-c levels. 
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INPUT VOLTAGE, Vin (200 mV/DIVISION) 


FIGURE 7. Input Voltage versus Input Current 
Oscillograph for SN7413 


APPLICATIONS 


One of the most direct applications of the Schmitt 
trigger is as a pulse-shaper interface between slow rise and 
fall input signals and a fast TTL gate. 


Pulse Shaper 

There are many instances where available input 
signals are not compatible with TTL. For example, a data 
waveform might have rise and fall times greater than lus, 
but TTL requires edges less than 50 ns for good noise 
immunity. The circuit shown below, Figure 8, enables TTL 
to be driven from such sources. 





FIGURE 8. Schmitt Trigger SN7413 Used in a Circuit 
That Shapes Input Pulses to Make them 
Compatible with TTL Device Requirements 


The maximum permissible value of source resistance 
RS is determined by the maximum input current when the 
input is at a logical O, or below the lower threshold voltage. 
To ensure a noise margin of 1100 mV, the input current is 
measured when Vin equals 400 mV. A maximum lin of 
1.6 mA at Vin = 0.4 V is guaranteed on the data sheet. 
Therefore RS(max) = Vin/lin(max) = 400/1.6 = 250 Q. For 
noise margins other than 1100 mV, or Vig = 0.4 V, the 


11 


minimum value of internal base resistor R1 must be 
deducted from data-sheet guarantees in order to determine 
a maximum value of resistor Rs. Figure 9 illustrates the 
variables determining the value of resistor КІ. For Vin = 
DAN. Vcc(max)= 5.25 V, Rlmin= [VCC(max) – 
VBE]/Imax, Rlmin= (5.25— 0.75)/1.6, 
2.56 КО. For a noise margin VNM, the maximum value of 
resistor Rg in Figure 10 is given by 


Rlmin = 


(Vr(min) — Умм) RI 
Rs (max) = 


[vec - Уве) CV r(min) — vw] 


For a noise margin VNM of 100 mV and Vcc = 5.0 V 


(0.7 — 0.1) 2.56 x 10? 


Km — ТЕРЕ 
(5.0 — 0.75) – (0.7 — 0.1) 


Rs (max) = 4219 


Vee 


R1 


FIGURE 9. Variables That Determine the Minimum 
Value of Internal Base Resistor R1 


Pulse Stretcher 

This circuit (Figure 11) uses the internal 4-kQ base 
resistor of the Schmitt multiemitter input iransistor as 
one of the timing components. 

There is a small delay between the leading edges 
of the input and output pulses; due to the time taken 
to discharge capacitor C through the saturation resis- 
tance of the output transistor of the SN7401. 
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FIGURE 10. Variables Used in the Determination of the 
Maximum Value of Rs for a Given Noise Margin 


For high repetition rates and large values of capaci- 
tor С, the mean dissipation in the SN7401 output stage 
should be limited to 60 mW or 35 mA peak current or 
16 mA steady-state by inclusion of a series resistor between 
its output and capacitor C. 

Typical operating waveforms for this circuit are 


shown in Figure 12. 
Vee 
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FIGURE 11. SN7413 Being Used in a Pulse-Stretcher 
Circuit. The internal 4-ka. base resistor of the 
Schmitt multiemitter input-transistor is one 
of the timing components 


Sine-to-Square-Wave Conversion 

Sine-to-square-wave conversion, one of the simplest 
applications of the Schmitt Trigger, is illustrated in 
Figure 13. 

The resistive divider R2 and R3 biases the Schmitt 
trigger input midway between the upper and lower 
thresholds. This gives a 50 percent duty cycle with 
sinusoidal inputs. The values of resistors R2 and R3 
may be determined as follows: 

The voltage at the multiemitter input is given by 


V, = (ly t 12) R3 


INPUT 
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OUTPUT 
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1 us/DIVISION 
FIGURE 12. Typical Operating Waveforms for Pulse 
Stretcher Circuit in Figure 11 
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FIGURE 13. SN7413 Used in a Circuit for 
Sine-To-Square-Wave Conversion 


but Vi = (Уту + V42)/2 


where Уту and VT2 are the upper and lower Schmitt 
trigger thresholds, Therefore 


у = [vec - vp R+ 
Deet vai] R3 
or R3 =V‚/ [Vec vore: 0) 


(ee Vie vagi] 


(Усс р) R3RI 
and R2 = 





(2) 
Ë У —R3 (Vcc-VpE мј 


Typical values for the variables in Equations (1) 
and(2) аге VT171.7V, VT2=09V, Усс=5.0У, 
R1 74.0 КО, and УВЕ = 0.75 V. 
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Thus choosing resistor ЕЗ = 4702, and substi- 
tuting in Equation (2), we have R2 = 1.83 kQ; that is 
R3-470 and R2 = 1.8 КО) in preferred values. 

If R2 = œ then Equation (1) becomes 


RI 
b [Vec -VBT Yra] 


Substituting values in this equation gives 





R3 = 


R3 = 1.76 kQ or 1.8 KQ 


showing that the device can be operated in a self biased 
mode. 


The circuit of Figure 13 is suitable for use up to 

8 MHz with sinusoidal inputs. The value of capacitor C 

should be such that its reactance at the operating fre- 
quency is very much less than R2 R3/(R2 + R3). 

Typical operating waveforms obtained with the 

e self-biased mode at 1 MHz are shown in Figure 14. 
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FIGURE 14. Typical Operating Waveforms for the 
Circuit in Figure 13 
R-C Multivibrator 


The circuit of Figure 15 forms the basis of a 
e versatile wide-frequency range clock-pulse source. 


SN7413 
J WHEN THE OUTPUT IS TIED 


DIRECTLY TO INPUT, DEVICE 
OSCILLATES AT 30 MHz 


FIGURE 15. SN7413 Used in a R-C Multivibrator. This 
circuit forms the basis of a versatile 
wide-frequency range 
clock-pulse source 





The circuit is self-starting and a frequency range 
of 8 decades is possible by changing the value of capac- 
itorC. Circuit operation is as follows: Initially capac- 
itorC is discharged and the Schmitt output is at a 
logical 1. Capacitor C then charges towards (Vc c-V gg: Vp) 
through resistor R, until the upper threshold voltage is 
reached. The output then changes to a logicalO and 
capacitorC discharges to the lower threshold voltage 
through resistor R. The cycle then repeats. 

The limiting values of resistor R are determined by 
the voltage dropped across it when the input is ap- 
proaching the lower threshold and the output is at a 
logical 0. The lower value is determined by the output 
impedance of the Schmitt trigger in the logical 1 state. 
The output voltage should be sufficient to ensure a 
logical 1 at the input of succeeding stages when the 
input to the Schmitt trigger is at the lower threshold 
voltage. The calculation of the resistor’s optimum value 
for a given load is lengthy and only results of this 
calculation will be stated here. For a fan-out of2 over 
the full temperature range, resistor R should be 390 Q. 

Figure 16 is a graph of pulse-repetition frequency 
versus values of capacitor C. 
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FIGURE 16. Graph of Pulse-Repetition Frequency 
versus Values of Capacitor C 


Typical waveforms associated with this circuit are 
shown in Figure 17. 

The duty cycle is less than 50 percent due to the 
internal 4-kQ resistor on the base of the input multie- 
mitter transistor, acting as a current source. If a 50 per- 
cent duty cycle is required the circuit may be modified 
as shown in Figure 18. Here the ratio of the discharge 
time-constant to charging time-constant is reduced by 
approximately (1 +RI/R2), by including the additional 
feedback path formed by resistor КІ and diodeD1 in 
parallel with resistor R2. For 50 percent duty cycle with 
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FIGURE 17. Typical Operating Waveforms for the 
Circuits in Figure 15 
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FIGURE 18. Circuit in Figure 15 Modified for 
50 Percent Duty Cycle 
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FIGURE 19. Typical Operating Waveforms 
for the Circuit in Figure 18. 


R2 = 3909, R1 should be 1209. The waveforms asso- 


ciated with this circuit are shown in Figure 19. 





Gated Oscillator 

The circuits of Figures 15 and 18 may be modi- 
fied to function as gated multivibrators by the addition 
of an SN7401 open-collector NAND gate as shown in 
Figure 20. 





FIGURE 20. Circuits in Figure 15 and 18 Modified 
as Gated Oscillator 5 


An additional feedback path from the output of 
the Schmitt to the input of the SN7401 prevents the 
gate signal from acting until the output of the SN7413 
is at a logical 1. This ensures that the oscillator always 
produces an integral number of cycles. 

Since the capacitor C has to charge from ground 
potential to the upper Schmitt trigger threshold before 
an output is produced, there is a delay between the 
positive-going edge of the start pulse and the beginning 
of the output-pulse train. In Figure 21 this time delay is 
plotted against value of capacitorC for R equal to 
390 2. 
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FIGURE 21, Graph of Oscillator Start Time 
versus Timing Capacitance 


Typical operating waveforms associated with this 
circuit are shown in Figure 22. 
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FIGURE 22. Typical Operating Waveform for Gated 
Oscillator in Figure 20 


Edge Detector 
A useful digital circuit is the edge detector or 
pulse differentiator. The SN7413 can perform this func- 
tion with a minimum of external components. The cir- 
o" shown in Figure 23 has been, in the past, imple- 
mented with standard TTL but suffered from poor noise 
immunity and high-frequency instability. 





Af 1/4 SN7400 


FIGURE 23. SN7413 Used in an Edge Detector Circuit 
or Pulse Differentiator 


Figure 24 shows the operating waveforms asso- 
ciated with the circuit of Figure 23. 
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FIGURE 24. Operating Waveforms for the 
Circuit in Figure 23 
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Figure 25 indicates the range of pulse widths obtain- 
able with this circuit. 


A simple circuit, but of lowei noise immunity is 
shown in Figure 26. This circuit operates on a logical 1 to 
logical 0 transition. 
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FIGURE 25. Graph of Timing Capacitance versus 
Pulse- Width for the Circuit in Figure 23 
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FIGURE 26. A Simple Edge Detector 


The input Schmitt trigger is biased at the upper 
threshold voltage by resistor R. The input current at the 
upper threshold is =-0.65mA giving a minimum value of 
resistor R = 2.6 kQ for an upper threshold voltage of 1.7 V. 


Low Pass Filters — Simple CR 


The filter shown in Figure 27 is all that is needed, in the 
majority of cases, to eliminate noise associated with input 
signals, To maintain noise immunity at the Schmitt input 
the maximum value of resistor R should be limited as out- 
lined in the section on pulse shaping. This, therefore, deter- 
mines the value of capacitor C for a given 3dB cut-off freq- 
uency, fo, of the filter, i.e. С= 1/2 r Río. The rate of atten- 
uation past the cut-off frequency is 6dB/octave. For larger 
rates of attenuation and faster response times multipole 
Chebyshev filters should be used as described in the next 
section. Since the input to the Schmitt is always positive 
with respect to ground capacitor C may be a large value 
electrolytic. 


E { LE 


OUTPUT 


FIGURE 27. Simple CR Filter 
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Low Pass Filters — Chebyshev 


These filters should be used when digital equipment is 
required to operate under conditions of extreme electrical 
noise. (Such conditions can occur in industrial systems where 


induced voltages on signal lines may be as large as 1КУ at 
500kH2). 


The Chebyshev filter is characterised by an amplitude 
frequency response that ‘ripples’ in the pass band and falls 
off rapidly past the cut-off frequency fy. The general form 
of this type of filter is shown in Figure 28 
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FIGURE 28. General Form of 
Chebyshev Filter 


The amplitude frequency response of such a filter is 
shown in Figure 29 
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FIGURE 29, Amplitude 
Frequency Response 


This circuit form is well suited to mechanical con- 
struction since the capacitive elements can be lead through 
capacitors. The required DC operating conditions for thé 
Schmitt trigger are easily satisfied since the filter has almost 
zero impedance at D.C. 


A compromise has to be made between the rate of atten- 
uation and the number of elements required. 


In practice a 4 element filter that has an attenuation of 
60dB at 4 u, (where ць is the angular cut-off frequency) is 
useful. 


The load resistance Rp + 1 is determined by the nominal 
4kQ input impedance of the Schmitt trigger. This then de- 
termines the source impedance go. For a 4 element filter with 
1dB ripple in the pass band go = 1.5К@. 


The’ following table, 1, gives element values against fo 
for the circuit shown in Figure 30. 


Table 1 


Element values for 4 element filter with Ly, = 1dB and 
La = —604B at 4.00. 


fo (kHz) L1(mH) CI(pF) L2(mH) C2(pF) 


100 5.02 1126 6.78 835 
200 2.51 563 3.39 417 
500 1.01 225 1.36 167 
1000 0.502 112 0.678 83.0 
%SN7413N 





FIGURE 30, Four Element Filter 


The frequency response of a filter with fo = 100kHz 
Lar = 1dB Rg = 1.5kQ and operating into a SN7413N load 
is shown in Figure 31, curve 2. 


In many applications the signal is obtained from a low 
impedance source. The filter of Figure 12 can be modified 
for this mode of operation. This is shown in Figure 32. 
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FIGURE 32. Filter Driven From Zero Source Impedance 











The response of a filter of the type shown in Figure 33 is | 
shown in Figure 31, curve 1. (Note this filter has been de- | 
signed for L,, = 3dB not 1dB as given in tables.) 











Since the inductive and capacitive components are « 1/f 
element values for any cut-off frequency f, may be calcul- 
ated from the tables given. Additional components may be | 
added to the circuit of Figure 33 to enable it to handle very 
large voltage surges at the filter input. (See Figure 34). 
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FIGURE 31. Low Pass Filter Characteristic 





In the circuit of Figure 32 Ry is again 4.0kQ and the 
source conductance g, is (short circuit) 








A practical form of this circuit is shown in Figure 33, FIGURE 34. Filter to Handle Large Voltage Surges 
Table 2 gives element values for the filter of Figure 33. 


Diodes D1 and D2 clamp the input to the Schmitt trigger to 
within (УСС — Vp) and —Vr. They should be situated after 
inductor LI so that the rate of rise of voltage across diodes 
D1 and D2 is limited. 


*Vcc 


The filters described in the previous sections can be con- 
Structed as shown in Figure 35; this gives a large degree of 
isolation between various elements. 





FIGURE 33. Practical Form of Figure 32. 


Table 2 





Element values for 4 element filter with Lar = 1dB and 
La = —60dB at 4 wo. 





| fo (kHz) Ll(mH) СІ(рЕ) L2(mH) C2(pF) 
| 
100 8.99 417 8.16 760 
200 4.50 2209 4.08 379 
500 1.80 83.5 1.63 152 
1000 0.90 41.8 0.816 76.0 FIGURE 35. Constructional Form 


Nov. 1969 
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Second Breakdown and Power Transistor Area of Operation. Texas Instrument rapport 167 





Introduction 


Description of 
Second Breakdown 


Fig.2 Variation of 
second breakdown 
with pulse width 


This note is intended to give a simplified description and explanation of forward biased second break- 
down. It then shows how these characteristics may be measured and explains the need for the area of 
operation specification of power transistors. 


Although second breakdown has been observed since 1958 it is not fully understood due to its very fast 
and destructive nature. Fig. | shows the collector-emitter voltage vs collector current characteristics 
of a typical transistor—such as could be observed on a curve tracer were the passage into second 
breakdown not destructive. As collector-emitter voltage is steadily increased for any particular base 
drive condition the characteristic passes into the avalanche or first breakdown region until it reaches 
the locus of second breakdown trigger points. The collector-emitter voltage then falls very rapidly to a 
low value usually destroying the transistor, this sudden (and destructive) fall in voltage is called second 
breakdown (A. B, C in Fig. 1). 








[om Locus of second breakdown 
\ trigger points 

Ms 0 

Collector 
current 


Collector-emitter voltage ———————— — —*— 


Investigation of characteristics such as Fig. | at dc and under pulsed conditions shows that there is a 
finite time delay before the device enters second breakdown. This has the effect of moving the locus of 
second breakdown trigger points towards higher lc and Vcg values when shorter pulse widths are 
Wed. See: Fig, 2, | 


Loci of second breakdown 


Collector 4 š 
trigger points 


current 


——— 


Collector-emitter voltage 


There is a simple relationship between the power levels (currents) at which second breakdown occurs 
with forward bias at constant voltage and varying time—shown by Vm in Fig. 2. The relationship 
between trigger power and pulse width is further plotted in Fig. 3. 
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Fig. 3 The relation 


between trigger point 
and pulse width 


The Cause of Forward 
Second Breakdown 


Fig. 4 Transistor 
model for 
demonstration of 


lateral instability 


Locus of second breakdown trigger points 


Log (Pulse width) 
Duty cycle small 





Power dissipation at constant Ус, ———s 


The cause of second breakdown is most easily explained with the aid of the multi transistor analogue 
of Bergman & Gerstner (Ref. 1). For this simplified description the single large area power transistor 
is represented by three separate paralled smalle- transistors. For the demonstration the parailed 
devices have common base drive in a current limited circuit (Fig. 4) which has provision for monitoring 
the individual collector currents (without affecting the device operation) 


If one now applies current and voltage to the three transistor circuits one finds that the current distribu- 
tion varies with time as described in the reference. Regardless of whether the transistors arc perfectly 
matched or not, once the total dissipation exceeds a critical value the (lateral) current distribution 
between the devices becomes unstable and one device hogs most of the current. 








This is explained by the fact that all three devices must have the same base emitter bias (in parallel) 
but the collector current for a given Var has a large (exponential) positive temperature coefficient. 
Thus if any device were hotter than the others it would take more current. This would increase its 
dissipation and hence its junction temperature, causing a further increase in current, and so on. The 
result of this positive feedback is that one device will take nearly all the current. 


It is significant that once the feedback is overcritical the current distribution will be unstable regardless 
of matching defects. 
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The Non-Destructive 
Characterisation ох 
Second Breakdown 
and Thermal 
Resistance 


Fig. 5 Transistor 
thermal measurement 
circuit configuration 


Fig. 6 Transistor 
thermal measurement 


waveforms 








This analogue is exactly applicable to the incremental parts of a single large transistor. Once the 
operating conditions are such that the internal feedback becomes overcritical the greater part of the 
current flowing crowds into a small part of the device active area. Once this lateral instability has 
occurred the total current flows in only two or three per cent (or less) of the active area with the result 
that the effective thermal resistance is increased by a factor of 50 to 100 times. According to the power 
levels concerned the temperature reached in this hot spot can easily be sufficient to melt the silicon and 
cause the destruction of the device (second breakdown). 


Transistor design features which influence the conditions under which this hot spot formation occurs 
are bevond the scope of this note. It is, however, worth while observing that all transistors suffer from 
the effect to some degree and in particular the hot spot formation can occur at voltage levels well below 
the usual avalanche (‘first’) breakdown. 


A technique which makes non-destructive measurement of the locus of second breakdown trigger 
points possible will now be described. 


The negative temperature coefficient of device Var vs temperature provides a convenient measure of 
junction temperature. Comparison of this method with an infra-red microradiometer shows that 
correct techniques produce negligible errors. For example, the dc thermal resistance may be measured 
by the application of dc power to the device on a suitable heat sink and interrupting this power for a 
few hundred micro seconds to measure Vy; under calibrated conditions. Provided measurement starts 
within a few microseconds of the power cut off it will be accurate. 





If hot spot formation has started the Ve measurement will monitor the thermal decay of the small Ш 
region and time constants typically as short as 25 microseconds have been observed. 


A further consequence of hot spot formation is that both junction temperature and current density 
(in the hot region) increase. The net effect is that Vy falls by a few tens of millivolts but can no longer 
be used as an accurate measure of junction temperature. 


According to device type and conditions, this Var change may occur in times of the order micro 
seconds to milli seconds. Of course, destruction will follow if the energy levels are sufliciently great. 


The technique used for characterisation of second breakdown is to sense the Vy, drop and to provide 
fast circuitry to cut off the device dissipation within a microsecond or two of this. Thus we can measure 
the time-power conditions required to make the device laterally unstable without ever taking it com- 
pletely into second breakdown and causing probable degradation. 

Important features of the practical set up are the provision of current limited sources and the minimisa- 
tion of energy storing stray capacities. 


DC OPERATION PULSE OPERATION 


r^ aS 20 mS 
le le 
Time 


jmd 


1 i 
Calibrated Vag for 
junction temperature 


|| d = 


- 
Time \ 2 Time | 
Note: Very fait initial Vac Note: Sudden dip just before 


change if operating into onset of second breakdown 
second breakdown 












Transistor 
under test 
Vee 


Measurement Vee 





Fig. 5 shows the system arrangement used for thermal and second breakdown evaluation, especially 
for Texas Instruments VHF Power Devices. The waveforms obtained in practice are shown in Fig. 6. 
For de operation the repetition rate becomes 50 c/s and duty cycle about 98-5 %. 


20 











Summary—Maximum 
Area of Operation 


Fig. 7, 8 Safe Area 
of Operation 


References 








A second technique for second breakdown evaluation is possible— to work the device in current limited 
circuitry and have the “power cut off sensor’ rely on the drop in Vee caused by actual second breakdown. 
In this case device damage is not climinated as the hot spot temperature must reach а very high value. 
One advantage is that-operation is not limited to forward bias conditions. 


A device may be operated beyond the point at which lateral instability starts without catastrophic 
failure. However, operation in this mode cannot be recommended in view of the fact that control of 
junction temperature is virtually lost. A few per cent increase in dissipation beyond the critical point 
can result in several hundred degrees centigrade increase in junction temperature—a feature hardly 
likely to result in longevity. 


It is therefore most important that the transistor specification shall give sufficient information to enable 
the user to be certain that the device 1s operated in a stable region. 





Ideally the specification will include a maximum “area of operation’ and thermal derating which must 
be used together. Figs 7 and 8 are examples of these characteristics for a hypothetical УНЕ power 
transistor. 


Fig. 7 shows the maximum "area of operation’ which has two separate regions--A, in which operation 
Is straightforward dissipation (or thermally) limited. and B. in which operation is limited by second 
breakdown. 


Provided the device is operated within the specified limits there will be no significant hot spot formation 
and reliable service should be achieved. 





THERMAL DERATING 








Collector current—Amps 





10 
Collector-emitter voltage 


Fig 7 


Temperature— C 


Fig. 8 














In region A the device must be derated for high case temperatures in the normal manner, since junction 
temperature is a function of thermal resistance and thermal time constants only. However, the second 
breakdown locus only varies slightly with case temperature and а separate (less severe) derating may be 
applied to region B as shown in Fig. 8. In practice, the reduced derating curve for area B тау not be 
available so the same derating as area A may be applied and will always be conservative. 


Note that the intersection of areas A and B will vary with temperature and that the worst case must 
always be taken. The dotted lines on Fig. 7 give the dissipation limited area for derating purposes. 





| F. Bergmann and D. Gerstner, “Thermisch bedingte Stromeinschnürung bei Hochfrequenz 
Leistungstransistoren". Arch.elektr.Ubertr., Vol. 17, pp. 467-475, Oct. 1963. 


2 IEEE Transactions on Electron Devices —Special Issue on Second Breakdown (1) August/September 
1966. Volume ED-13, Number 8/9. 


3 IEEE Transactions on Electron Devices— Special Issue on Second Breakdown (2) October, 
November 1966. 
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= Ultra-High-Gai 
Wide-Band Amplifier rm CA3035 
EET —— = =s LE Silicon _CA3035V1 





e Three Individual General-Purpose Amplifiers CA3035 C43035V1 
e Ideal for service in Remote-Control Amplifiers — — e.g., TV Receivers 


e Available in two electrically identical versions: CA3035 with straight 
leads; CA3035V1 with formed leads 


HIGHLIGHTS 


e Three separate amplifiers — 10-LEAD FORMED-LEAD 
gain and bandwidth for each amplifier can be adjusted TO-5 10-LEAD TO-5 
with suitable external circuitry 





* Amplifiers operable independently or in cascade 


e Exceptionally high cascade voltage gain — 
129 dB typ. at 40 kHz TYPICAL REMOTE CONTROL SYSTEM 


@ Low noise performance ө Wide-band response ios 


* All amplifiers single-ended — 
only one power supply required 







e Wide operating temperature range — 
-559C to +125°С 


e Built-in temperature compensation 


* Hermetically sealed, all-welded 10-lead TO-5-style 
metal package with straight or formed leads 





003 
F 





00022 
F 


SCHEMATIC DIAGRAM FOR CA3035 AND CA3035V 1 


amet No.2 
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ҰС 
CONTROL FUNCTIONS 


Fig.2 





Information furnished by RCA is believed to be accurate and re- 
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patentrights of RCA. 
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File No. 274 CA3035, CA3035V1 





ABSOLUTE-MAXIMUM RATINGS: 





Operating Temperature Range ...... -559C to +125°C 
Storage Temperature Range........ -659C to +200°C 
Device Рїввїрайоп................... 300 mW 
tuu voip Toe e Eam degen a ГҮҮ 1V pp 
CUORE S T ct + ET ESI ELT EI. «15V 


ELECTRICAL CHARACTERISTICS AT ТА = 25°C 





TEST : 
CIRCUITS das 
Р. 1 SPECIAL TEST AND 
я CHARACTERISTICS | SYMBOLS CONDITIONS CHARAC- | CA3035, CA3035V1 | UNITS 


TERISTICS 
CURVES Typ. | Max. 



















STATIC CHARACTERISTICS 


Quiescent Operating v5 
Voltage va 
v7 








Total Current Drain 





DYNAMIC CHARACTERISTICS 






Voltage Gain: 

Amplifier No. 
Amplifier No. 
Amplifier No. 


м № – 






Output Voltage 













RLI = 10KQ 
RL2 LOKO 
RL3 = 5KQ 
Sinusoidal 
Output, 
Wee = HOM 


u 














Input Resistance: 
Amplifier No. | 
Amplifier No.2 

Amplifier No.3 


Output 






Resistance 














Bandwidth at 

















-3dB point: 
Amplifier No. 1 BW} 
Amplifier No.2 BW2 Vee = tov 
Amplifier No.5 ВМ 
Noise Figure 
Amplifier No.1 NF| f= I KHz, 
Rs = ! KQ 
Vage SES 
Sensitivity Relay (K|) 
Current = 7.5 mA 
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CA3035, CA3035V1 


STATIC CHARACTERISTICS 
TEST CIRCUIT 


Vee = 49V 





92CS-14625 


Fig.3 


NOISE FIGURE TEST CIRCUIT 


+9V 











QUAN TECH 
LA2NPATORIES 
MODEL No. 311 

NOISE ANALYZER 


(SEE NOTE) 






22C5-14631 


NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 





Fig.4 
DIMENSIONAL OUTLINES 
CA3035 
335 
MAX. Bia 7 


| 5 a к. 
SI UI is 
H 016-.019 
DIA. = 


10 LEADS 





S2CS-I2 780RI 


DIMENSIONS IN INCHES 











File No. 


TYPICAL Ist-AMPLIFIER RESPONSE 
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COMMON—EMITTER CIRCUIT i a 
(FOLLOWED BY EMITTER FOLLOWER) +- + 
NO FEEDBACK d 
AMBIENT TEMPERATURE (Ta)= 25°С Ч 
COLLECTOR-SUPPLY VOLTS (Vcc]-*9 
50 HH 
a 
°. E | 
z 40) 14 ex зав DOWN 
Ei | 
5 E s$- | | 
© зо 
а T Ы [| 
£ | 
Bd Н | 
° 
20) HH 3 
vr TN Hi 
o 
| 2 4 $86 2 46852? 4 6803 2 4 6% 2 4 6805 
FREQUENCY (f) — KHz 
92C5-14635 
Fig.5 
TYPICAL 2nd-AMPLIFIER RESPONSE 
COMMON—EMITTER CIRCUIT 
(FOLLOWED BY EMITTER FOLLOWER) T! r 
NO FEEDBACK 44 
AMBIENT TEMPERATURE (Ta) * 25°С 
COLLECTOR—SUPPLY VOLTS (Vcc) «9 
50 
2 
2 - - 
| 3 dB DOWN 
40[—1- E Tr 
z 
я = _ 
š 
ы 30) — + 
е BEN 
3 
S 20] xL 
10] eee 
oj 
| 2 4680 2 4680 2 4680 2 4 680 2 4 68105 
FREQUENCY (f)—KHz 
92cs-14636 
Fig.6 
TYPICAL 3rd- AMPLIFIER RESPONSE 
COMMON —EMITTER CIRCUIT 
NO FEEDBACK e: r 
AMBIENT TEMPERATURE (Тд)= 25°C ШЕ З 
COLLECTOR SUPPLY VOLTS (№сс)"+9 
EXTERNAL LOAD RESISTANCE-5kQ 
50 РГ IE m RE тё | 
Е e 
| D | 
z Ee 
bei 3.48 DOWN 
š 4 b SA 
© зо H РНН 
= 
2) П | 3 
2 1 
20| Б o +H r = H 
-FH + | bL. D 
ю— ma: + | 
і | l 2 
| Hemi 
р € «68 2 9 69022 63 9 9062 4 99.6 
FREQUENCY (f)- KHz 
92с5-14637 


Fig.7 
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van аат ` .- 


ELEKTRONICA = 


Onze activiteiten breiden zich steeds verder uit. Ons personeelsbestand (nu 
reeds 8 man) moet echter meegroeien. Daarom zoeken wij contact met serieus 
geïnteresseerden voor een gevarieerde functie in ons snelgroeiend dynamisch 
bedrijf. Niet alleen voor direct, doch ook voor in de toekomst beschikbare 
functies, want wij zijn van plan te blijven groeien ........ 


BENT U 





tussen 18 en 24 jaar, in militaire dienst geweest en 
О goed thuis in de hedendaagse technieken, zoals half- 

geleiders, digitale techniek, audio, vermogensrege- 
o lingen, analoge techniek, MOS-techniek, procesauto- 

matisering, enZ., enz. en. bereid, u ten volle voor 

uw taak in te zetten, dan bent u wellicht bij ons op 
Q uw plaats. 


WIJ BIEDEN UJ 


geen "werk in een hokje", doch een veel omvattende 
technisch-commerciéle functie, waarbij alle mogelij- 
ke werkzaamheden tot uw taak kunnen behoren. Dit be- 
tekent, dat u het ene ogenblik een cliënt uit een 
Lechnisch probleem helpt, terwijl u het volgende mo- 
ment wellicht onze orderadministratie assisteert bij 
het verzendklaar maken van een order, of een inge- 
wikkeld besturingssysteem voor één onzer relaties 
uitknobbelt of een nieuw onderdelenpakket ontwikkelt. 
Wellicht vertoont deze functie overeenkomst met uw 
hobbiaanse aspiraties, waardoor deze functie dubbel 
interessant voor u is? 


Mocht u geinteresseerd zijn of nadere gegevens willen over de mogelijkheder, 
stuurt u dan uw sollicitatie aan ons adres: 


N.V. Technische Handelmaatschappij 
Van Dam Elektronica 

afdeling: personeelszaken 

Postbus 5149 te Rotterdam—noord 
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RCA-CA3047 is a high performance integrated circuit 
operational amplifier consisting of two differential 
amplifiers in cascade and a single-ended class-B power 
output stage on a single monolithic silicon chip. This 
device features high input impedance, high gain, high 
power output, and low input-offset voltage and current. 


RCA-CA3047 is supplied in an easy-to-insert ‘‘dual-in- 
line" plastic package for applications requiring high 
packing densities. 








FEATURES 

e High Open Loop Differential Gain... 90 dB typ 
e High Power Output Capability ....... 122 mW typ 
e Large Output Voltage Swing .. 22 Vp-p typ 
€ Very Low Input Offset Current ......... 5 nA typ 
e Low Input Bias Current ............ 83 nA typ 
e High Input Їтредапсе.............. 1.5 МО typ 
e Exceptionally High Common-Mode 


UPPER Т Ap 


Rejection Ratio. ... 


Operational Amplifiers 


CA3047 


Monolithic Silicon 


OPERATIONAL AMPLIFIER 


Two Differential Amplifiers 
in Cascade Plus One 
Single-Ended Class B 


Power Output Stage 





ЈЕРЕС TO-116 
PLASTIC PACKAGE 


APPLICATIONS 


e Comparator 

e Electrometer 

e Audio Amplifier 

@ Power Amplifier 

e Operational Functions 


@ Servo Driver 
e DC & Video Amplifiers 
e Multivibrator 
e Oscillator 
e Narrow Band and 
Band Pass Amplifiers 
* Companion Application Note, ICAN-5641 “Application 
of RCA CA3033 and CA3033A High-Performance Inte- 
grated-Circuit Operational Amplifiers.” 


FIG.1 - SCHEMATIC DIAGRAM 
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INVERT INPUTS 











NON-INVERT INPUTS 
L— (o) 
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зк в 700 i 640 


^g 


OUTPUT 
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(4) VEE 


92CM 1290582 


The resistance values included on the schematic diagrams have been supplied as a convenience to assist 
Equipment Manufacturer's in optimizing the selection of ‘‘outboard’’ components of equipment designs. 


The values shown may vary as much as + 30%. 


RCA :sserves the right to make any changes in the Resistance values provided such changes do not adversely 
affect the published performance characteristics of the device. 


RGA 55s 


8-68 














File No.344 CA3047 
ABSOLUTE-MAXIMUM RATINGS 
OPERATING AMBIENT TEMPERATURE RANGE ........ 09C to +70°C 
STORAGE AMBIENT TEMPERATURE RANGE......... -25°C to +85°C 
MAXIMUM INPUT-SIGNAL VOLTAGE®...... Shee Eee А +10V 
MAXIMUM DEVICE DISSIPATION:* 
At Ambient EEE Tere DEEG 750 mW 
Temperatures] above 259€... es cia den were d Derate at 6.67 mw PC 


Absolute-Maximum Voltage and Current Limits at Ta = 25°C 


Voltage or current limits shown for each terminal can be applied under the indicated voltage 
or other circuit conditions for other terminals 


All Voltages are with respect to ground (common terminal of Positive and Negative DC Supplies) 


VOLTAGE OR CURRENT! CIRCUIT CONDITIONS* 
Limits 


TERMINAL 
m NEGATIVE | POSITIVE | TERMINAL | VOLTAGE 


6 
12V 14 
2&10 


= 


Em o» OR CURRENT | circuit co 
TERMINAL Em n» 


INDITIONS* 
NEGATIVE | POSITIVE | TERMINAL | VOLTAGE | 


+12 
-12 
gound 


















ground 


2 
-12 | 
ground 





* Under no circumstances should current exceed 10 mA. See volt- + 1 MQ between terminals No.11 and 3, 1 uF from terminal No.13 to 
age and current limits for Terminals 9 through 12. ground and 1 uF from terminal No.13 to ground and 1 uF from 
^ Maximum dissipation capability of 14-lead plastic dual in-line terminal No.8 to ground. 
package. 


Information furnished by RCA is believed to be accurate and reliable. 
However, no responsibility is assumed by RCA for its use; nor for 
any infringements of patents or other rights of third parties which 
may result from its use. Мо license is granted by implication or 
otherwise under any patent or patent rights of RCA. 
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ELECTRICAL CHARACTERISTICS AT T, = 25°С, Vcc = +12V, Vgg = -12V 
















Typical 
Test так 
isti wispa à I ae CA3047 Characteristics 
Characteristics Symbols Circuits | Special Test Conditions CURES 
Fig. . 


Fig. 












STATIC CHARACTERISTICS 
Input Offset Voltage 











B 
> 












w 
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Input Bias Current 











Input Offset Voltage Drift 
-559C to 125°С 












Input Offset Current Drift 
-55°C to 25°С 
25°C to 125°C 













input Offset Voltage Sens itivity: 






Positive 
Negative 


Device Dissipation E m. @_| 


DYNAMIC CHARACTERISTICS: f = 1 kHz for all but BW 
Open-Loop Differential A 
1 OL 
Voltage Gain 
60 dB-Amplifier Bandwidth 
at -3 dB Point 
Common-Mode Rejection Ratio 


Common-Mode Input-Voltage Range VCMR | 5 | 

Maximum Output-Voltage Swing Vo(P-P) R, = 5000 
о L 
Ziy | ° | 
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Input Impedance 


Output Current 


R. = 500 Q 


Power Output (THD 10%) 
Cy, C, = 0.001 zF 
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WIST U, DAT ALLE ORDERS, MITS 
VÓÓR 15.00 UUR IN ONS BEZIT, 
DEZELFDE DAG WORDEN VERZONDEN?! 
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FIG.2 - INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 







DC 
VOLTMETER 
(RCA 
WV-38A 


OR 
EQUIVALENT ) 





Procedure: 92CS—14895 


INPUT OFFSET VOLTAGE 
1. Adjust Ve for a DC Output Voltage (Моџт) of 0 + 0.1 volts. 
2. Measure Ve and record Input Offset Voltage in millivolts as 
VE /1000. 
e OFFSET VOLTAGE SENSITIVITY 
Adjust Ve for a DC Output Voltage (VouT) of 0 + 0.1 volts. 
Increase Vcc by 1 volt and record output voltage (Vout): 
Decrease Vcc by 1 volt and record output voltage (VgyT). 


Divide the difference between Vout measured in steps 2 and 3 
by change in Vcc in steps 2 and 


„en: 


Vout ` Vourtstep 2) - VouT(step 3) 


Vcc 2 volts 


5. Refer the reading to the input by dividing by the Open Loop Volt- 
age Gain (Асу). 


Vour/Vcc 
Ао 
6. Repeat procedures 1 through 5 for the Negative Supply (МЕЕ) - 
7. Device Dissipation 
PT = Vcclc * VEEIE 
1с = Direct Current into Terminal No.6. 
IE = Direct Current out of Terminal No.14. 


Vio/Vcc * 


o FIG.3A - TYPICAL INPUT OFFSET CURRENT VS. 
AMBIENT TEMPERATURE 




















































































































































































































POSITIVE DC SUPPLY VOLTS (Vec) 
NEGATIVE DC SUPPLY VOLTS (МЕЕ) 
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CA3047 


FIG.2A - TYPICAL INPUT OFFSET VOLTAGE VS. 


AMBIENT TEMPERATURE 


POSITIVE OC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (Vee) 
I I 


Vcc^*l2V Vgg--l2v 


-25 о 25 50 75 100 125 
AMBIENT TEMPERATURE (TA) — °C 


92С5-15287 


FIG.3 - INPUT OFFSET CURRENT AND INPUT BIAS 


CURRENT TEST CIRCUIT 


юма 
ti% 


Vour3 
Tor Toma 


ортто“ 
Kn 


S2cS- 14894 


* This measurement must be made with a differential voltmeter that 
provides extremely high input resistance at null. 


FIG.3B - TYPICAL INPUT BIAS CURRENT VS. 


AMBIENT TEMPERATURE 


POSITIVE OC SUPPLY VOLTS (Усс) 
NEGATIVE DC SUPPLY VOLTS (Vee) 


Ean” 
kUSI 


-25 o 25 50 75 100 125 
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FIG.4 - OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN MAXI- 
MUM PEAK-TO-PEAK OUTPUT VOLTAGE, OUTPUT CUR- 
RENT AND POWER OUTPUT 
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1. Adjust VE for VouT = 0 + 0.1 V DC. 
2. Set Switch '“$'' to Position A. 


5. Set Switch “S” to Position B. 
6. Measure Output Voltage. 






FIG.4A - TYPICAL OPEN-LOOP DIFFERENTIAL VOLTAGE 
GAIN VS. AMBIENT TEMPERATURE 
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FREQUENCY (f)-1kHz 


Vee=H2v VEE--l2V 





OPEN LOOP DIFFERENTIAL VOLTAGE GAIN (Ao )—dB 





5 -50 -25 o 25 50 75 100 125 
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3. Measure Open-Loop Differential Voltage Gain (Ao) at f = 1 kHz. 7. Calculate Output Current and Power Output 
Ao, = 20 Li Your 
OL = ITE “з Мор-р 
lo = 
4. Measure Maximum Peak-to-Peak Output Voltage at f = 1 kHz. 500 
2 
A Vo“ (rms) 
out 500 
FIG.4B - TYPICAL PHASE COMPENSATION CHARACTERISTICS Wee = +12V, VEE = -12V) 
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* See Figure 4. 


For any desired closed loop gain (in decibels), read horizon- 
tally along the gain line to the attenuation curve which provides the 
desired closed loop bandwidth. The required values for the compen- 
sation capacitors is shown on the curve. Move vertically from the 
intersection of the gain and attenuation lines unti! the phase angle 
curve (ф) is reached and read the phase angle between the input 
and output on the right-hand scale. The difference between the 
indicated phase angle and 180° is the typical phase margin. (A 
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FREQUENCY (f) — kHz 
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minimum phase margin of 459 is recommended to allow for component 
variations and differences among amplifiers.) If the phase margin 
is smaller than required, the desired bandwidth can be stably 
achieved through the use of a more complex feedback network. 

Figure 4C shows the phase compensating capacitors (Cy, Cy) 
returned to ground. In some systems with large parasitic im- 
pedances in the power supply system, returning these capacitors to 
the negative (Vee) supply may result in more stable operation. 
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FIG.4C - TYPICAL 60 dB AMPLIFIER 
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ө FIG.4D - TYPICAL PEAK-TO-PEAK OUTPUT CURRENT 
VS. LOAD RESISTANCE FIG.4E - TYPICAL POWER VS. LOAD RESISTANCE 
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FIG.5 - COMMON MODE REJECTION TEST CIRCUIT 
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F1G.5A - TYPICAL COMMON MODE REJECTION VS. 








Procedure: . AMBIENT TEMPERATURE 
COMMON-MODE REJECTION RATIO: 7 

e POSITIVE DC SUPPLY VOLTS (W 
1. 'Set Vejas = 0. Adjust Vg for VgyT(DC) = 0 + 0.1 V. NEGATIVE DC SUPPLY VOLTS (Wee) 





2. Apply 1-kHz sinusoidal input signal and adjust for Vs = 1.0 V (RMS). FREQUENCY (#) =1 kHz LH 


3. Measure and record the RMS value of VouT. An oscilloscope is 
used for this measurement so that the output signal may be visu- 
ally separated from noise output. 


4. Calculate Common-Mode Voltage Gain: 
AcM * VouT/Vs 
Асм in dB = -20 LOG10 Vs/VouT 

5. Calculate Common-Mode Rejection Ratio: 
CMR in dB = ApIFF in dB - Асу іп dB. 
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„OMMON-MODE iNPUT-VOLTAGE RANGE: 































































































. Calculate and record CMR for various positive and negative values 25| I 
of VpgjAs within the maximum limits shown on Page 2. The Com- 1 TIT TT Б 
mon- e |nput-Voltage Range limits are those values of V. 1А$ + - 
at which CMR is 6 dB less than that calculated in Step 5 of the LIE к 1 e 
procedure given above. -75 -50 -25 о 25 50 75 100 125 
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FIG.6 - SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 
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DIMENSIONS IN INCHES AND MILLIMETERS 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 


32 e 














DIEVEN! 


Dat kan vanochtend uw uitroep geweest zijn toen u bemerkte, dat u vannacht bezoek 
heeft gehad van inbrekers. Wellicht bent u goed tegen inbraak verzekerd, maar ont- 
vangt u ook een schadevergoeding voor het vele extra werk en de narigheid die uit 
dit bezoek gaat voortvloeien of is dit voldoende voor de onvervangbare artikelen?? 
Dat natuurlijk niet, daarom is voorkomen beter dan genezen. Dat voorkomen kan met 








behulp van 
ULTRASONISCHE INBRAAK- EN E a 
BRANDBEVEILIGINGSAPPARATUUR ind ` 


— SECURITY SYSTEMS, Inc. 


Sinds april '71 hebben wij de alleenvertegenwoordiging voor de Benelux van Bourns 
Security Systems Inc. USA op ons genomen en ons leveringsprogramma uitgebreid met 
onder andere de volgende beveiligingsapparatuur: 


Type A4 X 





Dit ultrasonische beveiligingsapparaat straalt een frequentie uit 

AAx binnen een gebied van 7 meter; zodra hierin een beweging gesigna- 
leerd wordt, schakelt de beveiliging in en kan de gehele verlich- 

ting in het pand of een stil alarm ingeschakeld worden. Het appa- 

raat is ook voorzien van aansluitingen voor deur- en raamschake- 

laars, paniekschakelaars en temperatuurvoelers voor brandbeveili- 

ging. Voor gebruik in één ruimte kunnen verschillende frequentie- 

gebieden geleverd worden, waardoor onderlinge beïnvloeding voorko- 

men kan worden. De A4X is tevens geschikt voor aansluiting op een 

O 12 volt noodinstallatie. 

2... prijs excl. 14% B.T.W. jf 595,- 


Dit apparaat heeft dezelfde technische eigenschappen als de A4 X, 
ACA150x doch is niet geschikt voor een 12 volt noodinstallatie maar onder- 


Eebracht, tesamen met een bel van 25 cm f in een als luidspreker- 
box uitziend walnoten kastje. Ook dit type kan worden voorzien van 
bovenstaande extra schakelaars. De ACA150X is door zijn vormge- 
ving bijzonder onopvallend en kan eenvoudig verplaatst worden. 
.e.... prijs excl. 14% .B.T.W. P T15,- 


Voor bovenstaande en andere typen beveiligings-apparatuur zijn vele accessoires le- 
verbaar, waaronder panieklampen, sirenes, bellen, temperatuurvoelers, afstandsscha- 
kelaars, enz. Nadere inlichtingen worden u op aanvraag gaarne verstrekt door uw be- 
veiligings-installateur of: 





Alleenvertegenwoordiger voor de Benelux landen: 
Von onn N.V. Technische Handelmaatschappij Van Dam Elektronica 
Afdeling: wetenschappelijke apparatuur. Postbus 3149, 
š Rotterdam-noord, Holland. Telefoon: (010)-245516-240812- 
= ELEKTRONICA 243497. Postgirorekening: 29 55 50. Bankier: Amro-bank. 
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Bourns' ultrasonische inbraak- en brandbeveiligingen. 





Inleiding. 


Inbraken zijn tegenwoordig dagelijks in het nieuws: leest U Uw dagblad maar eens; er 
staat er ongetwijfeld wel weer een in! Dat is dan nog plaatselijk. Laten we dus maar 
niet denken aan wat er landelijk die nacht aan inbraken heeft plaatsgehad en dié in- 
braken, welke de kranten niet vermelden! Vandaag is het misschien Uw buurman; morgen 
kunt U echter het slachtoffer zijn van een brutale inbraak. Indien U zich hiertegen 
wilt beschermen, kunt U verscheidene soorten inbraakbeveiligingen aanschaffen, waar- 
van de prijs evenveel variëert als de doelmatigheid. 


Deze twee faktoren zijn ook van doorslaggevende betekenis geweest toen wij de inbraak- 
en brandbeveiligings apparatuur van Bourns Security Systems Inc. USA aan ons voorraad- 
programma toevoegden. Deze beveiligings-apparatuur werkt op een ultrasonische frequen- 
tie (boven Uw gehoorgrens) en is derhalve niet te zien, niet te horen, niet te ruiken, 
en (wat wellicht het belangrijkste is) niet te beinvloeden. De uitvoering van Bourns 
leent zich voor een bijzonder groot toepassingsgebied door de vele extra mogelijkheden, 
welke op deze apparatuur aanwezig is. 


Technische aspecten. e 


Een goede inbraakbeveiliging mag niet te saboteren zijn; dit is een kwestie van aan- 
leg der installatie of, bij wijze van extra beveiliging, de toevoeging van een kabel- 
controlecircuit. Tevens mag zo'n beveiliging niet opvallen. Dat hij doelmatig moet 
zijn is een vanzelf sprekende zaak. 


Op voorgaande pagina zijn slechts twee typen (zij het dan ook de meest populaire ty- 
pen) aangekondigd. De A4X is ondergebracht in een metalen kastje met een houtkleurige 
verflaag en een bijzonder fraai tonend front. Dit type kan in een modern interieur of 
zakenpand worden geplaatst, zonder hier op te vallen. Het vormt echter een gevoelig 
beveiligingsapparaat, dat in staat is Uw eigendommen in de ruimte, waar het geinstal- 
leerd is, optimaal te beveiligen. Hierbij kan de A4X worden gevoed vanuit het 220 V. 
lichtnet of een 12 volt noodinstallatie. Zo'n noodinstallatie kan bij het uitvallen 
of uitschakelen van de 220 V. bron uw beveiligingssysteem in tact houden. Zodra binnen 
de bewaakte ruimte op minder dan ca. 7 meter van het apparaat een beweging plaats- 
vindt, schakelt de beveiliging zijn Late contact: hiermee wordt een 220 V. - 660 Watt 
uitgang geschakeld, van waaruit de alarmering (relais voor het inschakolen van de ge- 
hele verlichting in het pand of een panieklamp of een schijnwerper) kan worden gevoed. 


4 
Ongeveer 10-20 seconden па het sluiter van het eerste contact, sluit zich een 2de con- ® 
tact, dat op de 220 V. maximaal 100 watt en op de 12 volt (noodinstallatie) maximaal 
12 watt. Dit vermogen kan worden gebruikt voor het voeden van een sirene, bel, toeter, 
zwaailicht, automatisch sluitende deuren, valluiken, "inbrekers knock-out apparaat", 
enz., enz. Wat er daarna gebeurt, hangt van de doelmatigheid van Uw signaleringen af. 
Hoe U zelf wel bij Uw eigendommen kunt en de juiste werking van het alarmeringssysteem 
wordt U verteld in de bij het apparaat geleverde gebruiksaanwijzing .... 


De ACA 150X is uitgerust met een 220 V. uitvoering van de MX (de A5X) en ziet eruit 
als een luidsprekerkastje van notenhout. Ook deze uitvoering behoeft niet op te vallen 
in Uw interieur. Deze uitvoering is niet geschikt voor 12 V. en werkt verder als de 
ААХ. Het tweede contact schakelt echter дееп externe alarmeringsbronnen maar de inge- 
bouwde krachtige 25 cm. bel, die voor de nodige akoestische begeleiding van de door 
het eerste contact geschakelde alarmering zorgt. 


Op deze beide apparaten kan ook een serieketen van magnetische deur- en raamcontacten, 
thermocontacten (voor gebruik als brandalarm!), paniekdruktoetsen, vloercontacten, enz. 
worden aangebracht. Een onderbreking in deze keten doet het alarm inschakelen en dient 
als extra beveiliging voor de ruimten, waarop dit apparaat geen ultrasonische invloed 
heeft. Wilt U nadere inlichtingen? Schrijft U dan vandaag nog een briefje! Morgen kan 
er àl ingebroken worden ......! 
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Digitale multimeter voor zelfbouw. 


Op pagina 26 t/m 32 hebben wij de volledige technische gegevens opge- 
nomen van de RCA CA 5047. Deze geintegreerde schakeling is de commer- 
ciéle uitvoering van de CA 3033, waarover op de navolgende pagina's 
36 t/m 45 meer is opgenomen. 


De CA 5047 is alleen al om zijn eigenschappen interessant: een open- 
loop-gain van 90dB typ. en een ingangsimpedantie van 1,5MQ opent voor 
een operationele versterker een interessant toepassingsgebied. Als dan 
ook nog op pagina 41-45 een interessante toepassing als goedkope digi- 
tale multimeter is opgenomen, dan kunnen wij ons levendig indenken, dat 
vele lezers vol interesse deze pagina willen omslaan. 


Doet U dit gerust, nadat wij U er eerst nog op attenderen, dat onder- 
staande schakeling als "totaalteller", zoals op pagina 41 wordt genoemd, 
kan fungeren. Hierdoor heeft U nog slechts twee voedingsspanningen nodig: 
voor de tellers en indicators: 45 volt en voor de AD converter/reseteen- 
heid/tijdbasis + en - 12 volt. 


Technische details voor de voor de verdere afbouw van deze digitale mul- 

o timeter in aanmerking komende digitale geïntegreerde schakelingen werden 
opgenomen in onze Technische Documentatie 1970 (nog beperkt compleet le- 
verbaar voor f 10,40 per vooruitbetaling op postgiro 2955 50 onder ver- 
melding van "voor TD 1970". ) 
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Nevenstaande schakeling is de meest 
voor de hand liggende toepassing van 
deze indicator. Desgewenst kan tus- 
sen de tienteller SN7490N en de de- 
coder/driver SN7447N nog een geheu- 
gen (SN7475N) worden aangebracht. 

Ook kan de tienteller SN7490N ver- 
vangen worden door een up-down Lien- 
teller SN74192N of een 50MHz tientel- 
ler met geheugen (SN74196N). 
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Application of RCA CA3033 and CA3033A 


High-Performance 


Integrated-Circuit 


Operational Amplifiers 


by 


Н. A. Wittlinger 


The new RCA CA3033 and CA3033A high-perform- 
ance operational amplifiers represent a significant step 
forward in monolithic integrated circuits in many respects. 
They are capable of delivering power outputs in excess 
of 250 milliwatts into а 500-ohm load resistance with 
harmonic distortion of less than 0.2 per cent, and have 
a typical input impedance of one megohm with voltage 
gain of at least 90 dB. Offset voltage is less than 
5 millivolts, and offset current is typically 9 nanoam- 
peres. Input bias current is typically 100 nanoamperes. 
These features make these amplifiers especially suitable 
for systems in which an operational amplifier and power 
amplifier or driver were formerly required. 


Circuit Description 


The RCA CA3033 and CA3033A consist of two dif- 
ferential-amplifier stages followed by a class B output 
stage, as shown in the schematic diagram of Fig.1. 
(The two circuits are designed to permit operation from 
dual 12- and 18-volt dc power supplies, respectively.) 
Emitter-follower inputs provide the exceptionally high 
input impedance and low bias curent. An additional 
advantage of the emitter-follower inputs is that the Miller 


Electronic 
Components 
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capacitance of the differential amplifier is substantially 
reduced and the input capacitance of the amplifier is 
lower than if a similar single-transistor configuration 
were used. 


The output of the first differential-amplifier stage 
(Q3 and Q4) is buffered from the input of the next dif- 
ferential-amplifier stage (Q6 and Q7) by emitter followers 
Q19 and Q20. This arrangement reduces the input-load @ 
ing effects on the first stage and therefore maintains the 
first-stage gain. 

A circuit is incorporated in this design to sense 
any change in the operating point of the first differential 
amplifier caused by variations in either the positive or 
the negative supply voltage. Any changes in the supply 
voltages are reflected to the base of transistor Qs, 
which detects changes in the collector voltage of the 
first differential amplifier and compensates for them. 
For example, a rise in the voltage at the emitters of 
Ов and Q7 increases the bias voltage to Ос and thus in- 
creases the collector current, countering the apparent 
rise in the collector voltage of either Q3 or Q4. At the 
same time, the emitter current of Qs also increases, and 
increases the voltage drop across the diode-connected 
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Fig.l - Schematic diagram of a CA3033 ог CA3033A er amplifier. 


transistor Q9 and resistor R10 to increase the collector 
current of Qg. Thus, any apparent increase in the col- 
lector voltage of the first differential stage causes а 
correction both at the constant-current source Qg and 
at the collector supply voltage through Ry, the common 
load resistor for Q3, Q4, and Qs. 


An emitter-follower Qj; buffers the output of the 
second differential-amplifier stage and drives the divider 
and summing network to the output stage. Resistor R13 
may be considered the input resistance of an amplifier 
to the summing point, the junction of R13, R14, and R15. 
Resistor R14 shifts to the operating point of the output 
stage with little attenuation of the signal as a result of 
che high collector impedance of the constant-current 
source 012. 


Diode-connected transistors Q13A and Q13 provide 
further dc shifting of the signal to the base of emitter- 
follower Q14. This emitter-follower provides further level 
shifting and a low driving impedance to transistors Q15 
and 018. 

The excellent matching of the base-to-emitter voltage 
of the integrated-circuit transistors makes it possible to 
establish the idling current of the output stage accurately. 
Because the collector-current characteristics of Q15 and 
Q1g as a function of base-to-emitter voltage are matched, 
the collector current in Q15 determines the idling cur- 
rent in 018. For example, if the operating current of 
О15 is set at 1 milliampere for a given base-to-emitter 
voltage, the operating current of Q18 is also 1 milliam- 
pere because the base-to-emitter voltages of both tran- 
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sistors are the same. This type of design results from 
the excellent transistor matching that is possible with 
monolithic processing. 


Noise Figure 


Fig.2 shows noise figure as a function of source 
resistance for the CA3033A. The curve shows that 
the optimum noise match occurs for input impedances 
between 100,000 ohms and 1 megohm. Ап improvement 








NOISE FIGURE — dB. 








Fig.2 - Noise-figure curve for CA3033A. 


in noise figure of approximately 14 dB at a frequency 
of 1 kHz and an input impedance of 1000 ohms may be 
obtained by addition of two 0.3-megohm resistors from 
the emitters to the VEE supply to increase the operating 
current of the input transistors. 
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Fig.3 - Phase-compensation characteristics for CA3033 or CA3033A. 


Compensation 


Basic phase compensation of the CA3033 and 
CA3033A amplifiers is quite simple. Fig.3 shows typical 
phase-compensation characteristics for the CA3033; 
data for the CA3033A are similar. The two compensating 
capacitors Cy and C, are connected from the collectors 
of the first differential amplifier (terminals 8 and 13) to 
ground. When capacitance values greater than 0.1 micro- 
farad are used, however, a lower-voltage capacitor thut 
has a value equal to half that given on the curves may 
be connected between terminals 8 and 13, and a 0.001- 
microfarad capacitor connected from either terminal 8 or 
13 to ground. This arrangement provides the same 
gain-phase roll-off shown on the curves and permits the 
use of lower-voltage ceramic disc capacitors now avail- 
able. For linear operation, the maximum expected dif- 
ference voltage between the two collectors is less than 
1 volt. 


The dashed lines in Fig.3 illustrate the use of the 
curves for design of a 60-dB amplifier. First, the inter- 
section of the various gain-frequency curves is followed 
out to the curve for а capacitor value of 0.001 micro- 
farad. Atthis point, the expected 3-dB amplifier response 
is approximately 230 kHz and the phase angle ф is 118 
degrees; the phase margin (180° - ф) is thus 62 degrees. 
For a capacitance value of 300 picofarads, the expected 
3-dB response is 580 kHz, but the phase angle is 175 de- 
grees; the resulting phase margin of only 5 degrees is 
a most undesirable situation. In the other direction, the 
use of 0.003-microfarad compensating capacitors pro- 
vides a 3-dB response of 90 kHz and a phase angle of 
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approximately 90 degrees, with a phase margin of 90 
degrees. 


Slewing Rate 


One of the most important considerations in using 
a high-power operational amplifier such as the CA3033 
or CA3033A is the maximum full power output swing in 
terms of frequency that can be expected from the unit. 
This characteristic is important both in low-frequency 
applications and in pulse applications in which the rise 
times of a given design must be known. Fig.4 shows 
the maximum rate of change, or slewing rate, of a sine 
wave in volts per microsecond for various peak-to-peak 
output voltages. ! For example, a 30-volt peak-to-peak 
sine wave at a frequency of 10 kHz has a maximum ra@ 
of change of 1volt per microsecond. Besides being able 
to swing the value of 30 volts peak to peak at dc, there- 
fore, an amplifier must also be able to swing this ampli- 
tude at a minimum rate of 1 volt per microsecond. 














SINE-WAVE OUTPUT — V p-p 











SLEWING RATE — V/us 


Fig.4 - Slewing-rate curve. 

















Slewing rate is a function of the phase-compensation 
circuit, the operational-amp'ifier design in terms of the 
gain after phase сотрепѕгііоп, and the output-stage 
design. The phase-compensation circuit isusually placed 
around the input stages of an operational amplifier. 
This approach offers two advantages. First, it reduces 
the amplitude of any higher-frequency components that 
may overload the following stages. (For example, the 
residual rf carrier remaining on the output of a video 
detector with a single RC roll-off could cause serious 
overload and a distorted output if it were allowed to 
continue through the amplifier.) Second, because of the 
relatively high gain that follows the compensating cir- 
cuit in the input stage, the compensating capacitors 
charge and discharge on a smaller and faster portion 
of the RC time constant associated with the collector 
load resistors and compensation capacitors. 


Another consideration that influences the slewing 
rate is the signal-handling capability of the output stage. 
It is evident that, regardless of how fast the first portion 
of an amplifier responds to a step input, the output 
stage can limit the rate of rise and fall. 


Fig.5 shows a curve of the maximum full-power-out- 
put frequency of the CA3033 and CA3033A as a function 
of the phase-compensation capacitance. This curve 
may be used with the curve of Fig.4 to determine the 
amplifier slewing rate. In the case of the 60-dB ampli- 
fier shown in Fig.6, for example, two 0.002-microfarad 
capacitors are used for phase compensation. The curves 
of Fig.3 indicate that the 3-dB bandwidth is 120 kHz. 
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Fig.5 - Frequency for full power output as a function 
of phase-compensating capacitance. 


Fig.5 shows that full output swing with no load may be 
expected up to a frequency of 280 kHz. Therefore, the 
design is capable of full power output up to the 3-dB 
point. 

A similar approach may be used for a pulse ampli- 


fier. Two 0.01-microfarad phase-compensating capaci- 
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tors are used to yield a 3-dB response of 30 kHz. The 
expected rise time in microseconds is equal to 0.35 
divided by the 3-dB frequency in MHz, or 11.7 micro- 
seconds.? The power-output curve of Fig.5 shows that 
the maximum frequency for full power output is 155 kHz; 
thus the slewing rate is 10.6 volts per microsecond. 
For the 20-volt input-signal swing specified for the 
CA3033, the rise time based on this slewing rate would 
be (1 microsecond/10.6 volts) x 20 volts, or 1.9 micro- 
seconds. Because this value is greater than the rise 
time estimated from the 3-dB point, the design is not 
slewing-rate limited, and the 3-dB rise time will be met. 
Thus, for maximum high-frequency output, the lowest 
value of phase-compensation capacitors must be used; 
therefore, high closed-loop gains are implicit. 


100K 
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Fig.6 - 60-dB test amplifier for CA3033. 


Waveforms forthe 60-dB amplifier are shown in Fig.7. 
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Fig.7 - Waveforms for the 60-dB amplifier 
shown in Fig.6. 


Applications 


Fig.8 illustrates the use of the CA3033A in a 20-dB, 
255-milliwatt power amplifier operating from a single 

















Fig.8 - 20-dB, 255-milliwatt power amplifier using 
a CA3033A operating from a 36-volt supply. 


36-volt supply. Fig.9 shows the pulse response of this 
amplifier under no-load conditions and with a resistive 
load of 500 ohms; also shown are curves of distortion 
as a function of frequency. The waveforms show that 
the pulse response of the amplifier is limited by slewing 
rate rather than frequency response. Some crossover 
distortion is evident іп the response for the 500-ohm load. 
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Fig.9 - Pulse-response waveforms and distortion curves 
for the amplifier shown in Fig.8. 


The impedance of the feedback network can have a 
significant effect on the pulse response of a given ampli- 
fier design, particularly when higher-frequency perform- 
ance is required. The response is influenced by the 
stray capacitance of the associated wiring, the shunt 
capacitance of the feedback resistors, and the input 
impedance of the operational amplifier. Because the 
CA3033 and CA3033A have higher input impedance as a 
result of the emitter-follower inputs, the input capacitive 
loading is reduced considerably and higher-impedance 
feedback networks can be used. 


A simple system was fabricated to demonstrate the 
ease with which the CA3033 and CA3033A operational 
amplifiers may be applied. The basis of the system was 





the rudiments of a digital voltmeter, using the linear 
staircase approach, without the associated totalizing 
circuitry. 

Fig.10 shows a block diagram of the system, to- 
gether with the waveforms of all interfaces. A squelch- 
able integrated-circuit multivibrator is used as the clock. 
As described later, the clock frequency is independent 
of supply voltage. Although this independence is not a 
necessary condition for circuit operation, it is inherent 
in this type of operational-amplifier multivibrator circuit 
and may be considered an integrated-circuit bonus. 


The output from the clock drives a linear staircase 
generator. Input voltage to this circuit is applied di- 
rectly from the multivibrator to minimize the effects of 
diode temperature coefficients. The output from the 
staircase generator is applied to a comparator that 
compares the staircase with the voltage to be measured. 


The comparator output fires a monostable multi- 
vibrator that controls the display time, which is variable 
from about 100 milliseconds to one second. An inverter 
following the multivibrator supplies drive of the correct 
polarity to the integrator capacitor-discharge switch and 
the multivibrator squelch circuit. 


Circuit operation begins with the staircase generator 
ramp running down until its voltage is equal to the un- 
known voltage on the input of the comparator. When the 
two voltages are equal, the monostable multivibrator is 
triggered by the output from the comparator. The output 
of the monostable multivibrator squelches the astable 
multivibrator and discharges the integrating capacitor 
through the bistable multivibrator. The wait, or display 
time, set by the monostable multivibrator allows suffi- 
cient time for full discharge of the integration capacitor 
and appears as a steady reading on the display device. 


Astable Multivibrator - A schematic diagram of a 
squelchable multivibrator is shown in Fig.11. The only 
requirement that must be met by the squelch circuit is 
that the amplitude of the output pulse not change as a ө 
result of the squelch operation; otherwise, the amplitude 
of the final steps would be different from that of the 
initial steps and staircase linearity would suffer. 


Freedom of the circuit from supply-voltage variations 
results from the excellent saturation characteristics of 
the integrated circuit at both positive and negative out- 
put swings. The positive and negative thresholds of 
the circuit are given by 


R1 
Positive threshold = (Vcc - VCE+sat) GE 


R1 


Negative threshold = (Ver + VCE H Ri4R2 
"sat Ву +R2 


where Vcc and Vee are the positive and negative sup- 
ply voltages and VCE at and VCE_sat are the positive 
and negative saturation voltages of the amplifier. Be- 
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Fig.10 - Block diagram and waveforms of digital voltmeter system 
using five CA3033 integrated circuits. 


cause these saturation voltages are low and have tem- 
perature coefficients less than 5 millivolts per degree C, 
they can be neglected for ease of computation. If the 
charging current is considerably greater than the base 
current, the frequency f may be expressed as follows:? 


1 





x 
OUTPUT pe 


а 2RC (2+1 
МЕЕ 
Linear Staircase Generator - The design of a linear 
7 qe SQUELCH staircase generator is nearly identical to that of a linear 
vee VOLTAGE ramp or sawtooth generator. Fig.l2(a) shows a linear 
ramp generator in which the non-inverting input of an 
operational amplifier is grounded and aswitch S1 returns 





SQUELCH VOLTAGE , Vcc , CUTS OFF MULTIVIBRATOR the output to the inverting input. When Sj is closed, 
1 


2 


ы Rean (FAI +) 


Fig.11 - CA3033 sque 


the amplifier is in the unity-gain configuration and the 
output is at ground less the input offset voltage. When 
S1 is opened, the output moves in the positive direction 
Ichable astable multivibrator. when the reference voltage Vref is negative, or in the 
negative direction when Vref is positive, Because the 
output under closed-loop conditions tries to maintain 
the input terminal at zero voltage, the charging current 
to the capacitor is constant at a rate of dV/dt = i/C, 
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where i = Vref/R. It is apparent that this analysis is 
valid as long as the input current to the first stage is 
considerably less than the charging current. 


Fig.12(b) shows the circuit for a linear staircase 
generator. In this circuit, a pulse of amplitude e couples 
a charge Q to the amplifier input. The charge Q is 
equal to C] (e - 2 Vak), where 2 Vak is the forward vol- 
tage drop across the two diodes. Again, if the amplifier 
input current is small compared to the effective charging 
current, capacitor C2 is incrementally charged in steps 
of (e - 2Vak) C1/C2. If the pulse height is made suffi- 
ciently large compared to the expected temperature 
variations of the diodes, a reasonable degree of temper- 
ature independence results. 
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Fig.12 - Diagrams of (a) linear ramp generator and 
(b) linear staircase generator. 


Comparator - Regeneration is added around the 
comparator circuit in this system to accelerate the tran- 
Sition time when the two input voltages are equal. 
Fig.13 shows a complete schematic diagram of the 
entire system. Waveforms at critical points are shown 
in Fig.14. The 470-picofarad capacitor and 1000-ohm 
resistor between terminals 3 and 10 of the CA3033 in 
the comparator circuit provide the regeneration. Two 
0.001-microfarad capacitors on each input filter any 
externally generated noise. 


Monostable Multivibrator - The monostable multi- 
vibrator circuit shown in Fig.13 makes use of the ex- 
tremely low input bias currents of the CA3033 by using 
small timing capacitors and large timing resistors to 
obtain the long (one-second) display time. The small 


timing capacitor in conjunction with the diode D3 permits 
the fast recycling time necessary for the one-step case. 
Triggering of the circuit is accomplished by the 470- 
picofarad capacitor to the non-inverting input (termi- 
nal 10). 


An RC timing network is incorporated at the output 
of the monostable multivibrator to add an additional 
150-millisecond delay that performs two functions. 
First, the added delay allows more time to complete the 
timing-capacitor recycling mentioned above. The 
second and more important function of this network is 
the generation of a reset pulse at the trailing edge of 
the monostable multivibrator. Diode D4 couples the 
negative output of the multivibrator to the next stage 
and rapidly charges the 0.22-microfarad network timing 
capacitor through the 470-ohm resistor. After the mono- 
stable multivibrator completes the cycle, diode D4 dis- 
connects, and the 0.22-microfarad capacitor charges to 
the 1.1-volt switching threshold of the next stage through 
the two one-megohm resistors. This cycle is approxi- 
mately 150 milliseconds. 


Bistable Multivibrator - The output from the mono- 
stable multivibrator is coupled to the next stage, a bi- 
stable multivibrator or inverter. The switching thresholds 
are determined by the 100,000- and 10,000-ohm resistors 
in the positive feedback loop. The primary function of 
this stage is to invert the signals from both the compa- 
rator and the monostable multivibrator to drive the 
clock-astable-multivibrator squelch circuit and the 
staircase capacitor-discharge switch, an RCA-3N141 
dual-gate MOS field-effect transistor. Diode D6 protects 
the gates of the MOS transistor; the 47-picofarad capaci- 
tor reduces the rise time of the negative-going output 
of the bistable multivibrator and prevents it from coupling 
into the beginning of staircase and obscuring the first 
few steps by this negative transition. 
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Fig.13 - Schematic diagram of a digital voltmeter using CA3033 integrated circuits. 
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Fig.14 - Waveforms for the digital voltmeter 
shown in Fig.13. 
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BLIKSEMS EN DONDERS 


zijn niet meer nodig om U te vertellen, dat U te laat maatregelen heeft getroffen tegen cen 
naderend onweer. Zorg er daarom voor, dat U Uw maatregelen reeds kunt treffen, als een on- 
weersbui nog op meer dan 30 km afstand is. De elektronica staat hiertoe ter Uwer bes chikking. 


Firma Walter Schmidt ontwikkelde hiervoor een 
ONWEER-PROGNOSE-APPARAAT 


Dit apparaat wordt in de Benelux uitgebracht door Van Dam Elektronica 
en werkt op de bij onweer vrijkomende elektromagnetische golven. Deze . 
golven strekken zich uit van het ultra-kortegolf gebied tot ver in het 
langegolf gebied. De maximale sterkte wordt bereikt op een golflengte 
van 30.000 meter (ofwel 10 kHz). Het op deze frequentie verkregen sig- 
naal wordt door het apparaat ontvangen, versterkt en via een analoge 
telschakeling aan een geheugen toegevoerd om van hieruit een contenue 
aanwijzing op het ingebouwde meetinstrument te geven. Het apparaay ‘s 
slechts 50x 30x 285 mm groot en werkt op batterijen. Het gewicht Sr 
der batterijen bedraagt 200 gram. 


Met dit apparaat is het mogelijk geworden, opkomende onweersbuien in 
een gebied met een doorsnede van meer dan 100 km te signaleren, zodat 
ор het gebied van de land- en tuinbouw en recreatie, alsmede bij bouw- 
bedrijven, vliegvelden, openlucht tentoonstellingen, sportevenementen, 
agrarische bedrijven, bloemkwekerijen, melkfabrieken, veemarkten, enz. 
tijdig passende maatregelen genomen kunnen worden. Een tijdige waar- 
schuwing door dit unieke onweer-prognose-apparaat kan grote schadekos- 
ten voorkomen. De trefzekerheid van de prognose is bij internationale 
onderzoekingen en proefnemingen boven 90% gebleken! 


Het hier besproken apparaat is in verscheidene uitvoeringen leverbaar. 
Als bouwpakket wordt het type THP800K geleverd. Dit pakket is eenvou- 
dig te monteren en bestaat uit: 

een elektronische bouwsteen, welke reeds gemonteerd en afgeregeld is, 
een richtingsongevoelige ferrietantenne, een trommel-aanwijsinstrument 
van 1004A en de verder benodigde materialen, zoals kast, lijm, draad, 
soldeer, schakelaar, schroeven, enZ., enZ., alsmede een gedetailleg ` 
bouwbeschrijving met wetenschappelijke gegevens over het ontstaan ..n 
een onweersbui met het gehele verloop. 


PRIJS bouwpakket exclusief 14% B.T.W. ..... f 105,50 (Bfr. 1475,-). 





In het voorraadprogramma zijn ook gebouwde uitvoeringen met een extra 
aansluiting voor een waarschuwings-installatie of een registrerende 
schrijver opgenomen (Lype THP 8008) en een uitvoering met een tweevou- 
dig meetsysteem voor meting in relatieve eenheden in een nabij (30 km) 
en een veraf (250 km) bereik (type THP 200). Op deze laatste uitvoe- 
ring zijn voornoemde extra aansluitingen standaard aangebracht. Nadere 
gegevens en prijzen worden U op aanvraag gaarne verstrekt. 


* Octrooien en octrooi-aanvragen in vele landen. 





š V TONNEN qc seh aerem voor de Beans landen: 
N.V. Technische Handelmaatschappij Van Dam Elektronica 
Afdeling: wetenschappelijke pp Postbus 3149, 
Rotterdam-noord, Holland. Telefoon: (010 245516-240812- 
ELEKTRONICA AN pe cic = 35 30. Bankier: Amro-bank. 











Een elektronisch apparaat voor onweersvoorspelling. 





Hoewel heden ten dage door de meteorologen voor een zo goed mogelijke voorspel- 
ling van de onweersontwikkelingen alle middelen van de moderne techniek - van weer- 
satelieten tot computers - gebruikt worden, is zelfs een prognose over een kort 
tijdsbestek nog van een grote onzekerheidsfactor voorzien. Onweer speelt bij de 
weersvoorspellingen een bijzonder grote onzekerheid, daar het hierbij gaat om een 
thermodynamische ontwikkeling, waarbij een temperatuursverschil van 1-290 doorslag- 
gevens kunnen zijn voor het al dan niet op gang komen van een onweersontwikkeling. 
Het ligt voor de hand, dat dergelijke temperatuursverschillen bijzonder lokaal zijn, 
waardoor een regionale weersdienst, welke een relatief groot gebied bestrijkt, in ve- 
le gevallen in het geheel geen voorspelling geven kan voor de plaats, waar U zich be- 
vindt. 


Met betrekking tot dit probleem werd in nauwe samenwerking met onderzoekingscen- 
tra en de industrie in de laatste jaren een klein apparaat voor produktiedoeleinden 
ontwikkeld, dat de vakman en de leek informaties verschaft, welke een juiste beoor- 
deling van de onweersneiging in het betrokken waarnemingsgebied mogelijk maakt. 


Het technische concept berust op het volgende principe. Bij iedere bliksemontla- 
ding ontstaan, naast de algemeen bekende optische en akoestische verschijnselen, ook 
elektromagnetische golven. Het is reeds lang bekend, dat een bliksemstraal in zekere 
@in een tot trillingen aangespoorde antenne voorstelt, die kortstondig con impulsvor- 
mig signaal uitstraalt, welke een breed frequentiegebied overlapt. 


Deze impulzen worden op een frequentie van 10 kHz + 200 Hz/5 dB, waar de maximale 
amplitude ligt in het beschreven apparaat met een ingebouwde verticale antenne ont- 
vangen en versterkt. Boven een instelbaar amplitude-niveau wordt door iedere impuls 
een monostabile multivibrator aangestuurd, die gedurende zijn omslagtijd een bepaal- 
de constante ladingshoeveelheid aan een laadcondensator toevoert. Na deze oplading, 
die na circa 100 msec. wordt beëindigd, volgt de ontlading van de laadcondensator 
via de aanwijskring met een tijdconstante Y van circa 4-6 minuten. Evenredig aan de 
frequentie van de ontvangen bliksemontladingen wordt de laadcondensator met een ho- 
gere spanning opgeladen, welke derhalve resulteert in een hogere aanwijswaarde op 
het ingebouwde meetinstrument. 


Ter vermindering van kans op storingen, die bij lichtnetgebruik kunnen optreden, 
wordt het apparaat gevoed uit twee monocellen, die bij de THP 800, 800K en 8005 onge 
veer iedere 5-6 maanden moeten worden uitgewisseld. De batterijspanning kan door mid- 
del van een proefschakelaar worden gecontroleerd. Voor registratie van de meetwaarde 
kan in serie met het aanwijsinstrument een lijnschrijver of een puntdrukker aangeslo- 
ten worden. 


© Zoals gezegd, stelt de aanwijswaarde een maatstaf voor van de hoeveelheid geregis- 
treerde veraf en dichtbij opgetrede bliksems, waarbij de gevoeligheid zó gekozen is, 
dat bliksemontladingen in een gebied van circa 100 km doorsnede ontvangen worden. Dat 
er hier slechts een gemiddelde waarde wordt weergegeven ligt aan de grote verschei- 
denheid in intensiteit van de bliksems, evenals aan de verschillende stralingscondi- 
ties, die met de lengte en de vorm van de bliksenflits veranderen. Het kan daarom 
zijn, dat een lage aanwijzing wijst op het aanwezig zijn van een enkele onweersbui 
in het betreffende gebied, terwijl een regelmatig toenemende aanwijzing bijvoorbeeld 
de nadering van een onweersfront aangeefl. Op grond van deze informaties is een voor- 
spelling over de graad van onweersneiging voor het meetgebied, resp. de waarschijn- 
lijkheidsfactor voor de vorming van een nabij onweer mogelijk. 


Nadat het gebruik van registratie van de bliksemfrequenties door verschillende 
auteurs (5) en (6) zeer positief werd beoordeeld, gaven ook deze apparatuur een hoge 
graad van prognosezekerheid; zo resulteerde bijvoorbeeld een testserie door het 
zwitserse meteorologische hoofdstation bij een voorspellingstijd van 1-6 ‘uur bij 53 
gevallen in 48 juiste prognosen, wat een percentage van meer dan 95% betekent. Zonder 
twijfel is de juistheid van de prognose afhankelijk van de plaatselijke klimatologi- 
sche omstandigheden, het niet van invloed zijn van storingen door nevenapparatuur en, 
niet te vergeten, ook de ervaring van de waarnemer, waarmee de informatie van deze 
apparatuur op de juiste wijze kan worden uitgelegd. 


Voor literatuurlijst zie volgende pagina. 
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Voor verdere gegevens van deze onweer-prgnose-apparatuur, waarvan wij sinds maart j.1. 
de Benelux vertegenwoordiger zijn, verwijzen wij U naar de maart-advertenties in Ra- 
dio Bulletin en Radio Elektronica, de april-advertentie in Elektuur, de mei-adver- 
tentie in Landbouwmechanisatie en de binnenkort in de dag- en vakbladen verschijnende 
rapporten over deze unieke apparatuur. 
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RCA CA3059*zero-voltage switch is a monolithie silicon 
integrated circuit designed to control a thyristor in a 
variety of ac power switching applications. 

The zero-voltage switch consists of the following four 

major functional blocks (See Fig. 1): 

1. Limiter-Power Supply — Permits operation directly 
from an ac line. 

2. Differential On/Off Sensing Amplifier — Tests the 
condition of external sensors or command signals. 
Hysteresis or proportional-control capability may 
easily be implemented in this section. 

3. Zero-Crossing Detector — Synchronizes the output 
pulses of the circuit with the time of zero-voltage in 
the ac cycle to eliminate radio-frequency interference 
(RFD when used with resistive loads. 

4. Triac Gating Circuit — Provides high-current pulses 
to the gate of the power controlling thyristor. 

In Addition, the CA3059 also provides the following 

important auxiliary functions: 

1. A built-in protection circuit which may be connected 
to remove drive from the triac if the sensor opens or 
Shorts. 

2. Thyristor firing may be inhibited through the action 
of an intemal diode gate connected to Terminal 1. 

3. High-power dc comparator operation is provided by 
overriding the action of the zero-crossing detector. 
This is accomplished by connecting Terminal 12 to 
Terminal 7. Gate current to the thyristor is continu- 
ous when Terminal 13 is positive with respect to 
Terminal 9. 


Ап explanation of these functions is given in the 
Orres Considerations Section of this data bulletin. 
For detailed application information, see companion 
Application Note, ICAN 4158 “Applications of the RE 
Zero-Voltage Switch in Thyristor Circuits”. 


The CA3059 is supplied in a 14-lead dual-in-line plas- É 


tic package and is designed to operate over the tem- 
perature range of —409 C to «859 C. 


*Formerly TA5615A 
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Zero-Voltage Switch 


CA3059 


Monolithic Silicon 


ZERO-VOLTAGE 
SWITCH 


50 to 400 Hz Thyristor 
Control Applications 


APPLICATIONS 


e Relay control 

e Heater control 

€ Valve control 

ө Lamp control 

9 Photosensitive control 


FEATURES 
e Differential input 


e 120 V line operation at 50 Hz, 60 Hz, or 400 Hz 
e Low balance input current -- 500 nÀ max. 
e High peak output current (pulsing) -- 90mA min. 
e Low peak output leakage current (inhibit) -- 10u A max. 
e Flexible connection arrangement permits: 
Application of positive feedback for increased 
circuit hysteresis 
Application of proportional control for precise tem- 
perature control operation with inductive loads 





e Synchronous switching of 
flashing lights 

e Power one-shot control 

€ On-off motor switching 

€ Differential comparator for 
industrial applications 


ө Self-contained power supply to supply dc bias current 
for external components 

e Built-in protection circuit for opened or shorted sensor 

e Typically sensitive to 1% change when Sensor 
resistance = 5k О, and to 3% change when Sensor 
resistance = 100k О 

















Fig. 1 - Functional block diagram 
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, at TA = 25°С 


DC Supply Voltage (between Terminals 2 and 7) .... 14 V 
DC Supply Voltage (between Terminals 2 and 8) .... 14 V 
Peak Supply Current (Terminals 5 and 7) ....... 3 +50 mA 
Output Pulse Current (Terminal  ............. 150 mA 
Power Dissipation: 

Up to TA = 55°C ..... slaan ten s AFFE 700 mW 

Ahava: DAS 889€. A on esee калае SN Senge š Derate linearly 6.67 mW/°C 
Ambient Temperature Range: 

OMGE EN Ez ba «zaad оа ETT - 40 to +85 “© 

БИР" Is uer дш < dor ә s wa kee oa АСУ, V - 65 to + 150 96 


CA3059 


MAXIMUM 
CURRENT 
RATINGS 








ins 
De ei 





less than 2mA. 








This chart gives the range of voltages 
which can be applied to the terminals 
listed horizontally with respect to the 
terminals listed vertically. For example, 
the voltage range of horizontal Terminal 6 
to vertical Terminal 4 is 2 to ~ 10 volts. 


Note 1 — Resistance should be inserted 
between Term. 5 and external supply or 
line voltage for limiting current into 
Term. 5 to less than 50 mA. 


Note 2 — Resistance should be inserted ca 


between Term. 14 and external supply 
for limiting current into Term. 14 to 












*Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe, 


if the specified voltage limits between all other terminals are not exceeded. 





CA3059 File No. 397 





ELECTRICAL CHARACTERISTICS at TA = 25° C 
All voltages are measured with respect to Terminal 7. 


TEST 
CIR- 
CHARACTERISTIC SYMBOL} CUIT | SPECIAL TEST CONDITIONS LIMITS UNIT 
zx b Tos ue] 
For Operation at 120 V rms, 50-60 Hz (AC Line Voltage) 







































DC Supply Voltage: | 
Inhibit Mode 3a 7 ү 3b 
| Pulse Mode за ТЕЛ ЖЩ ЕТШЕ 
| I DC Supply Voltage: 
Inhibit Mode 3a Rs = 5k 6.4 - 3c 
Pulse Mode 3a IL = 2mA 6.3 - 3c 
Peak Output Current Term. 3 open, Gate Trigger 
(Pulsed) Voltage (Уст) =0 5b 
o With Internal 59 Term. 3 connected to Term. 2, 
Power Supply Gate Trigger Voltage( V) =0 5b 
Peak Output Current Term. 3 open, Vcc = 12V, 
(Pulsed) Ver =0 
With External 
Power Supply Term. 3 connected to Term. 2, 





Vee = 12V, Уст = Ü 
Term. 3 connected to Term. 2, 
Ver - DN 


Voltage Ratio of Term. 
9 to Term. 2 


External Capacitance 


* |Gate Trigger Current Іст) 


Output Leakage Current 
Inhibit Mode 


Input Bias Current 


Inhibit Input Ratio Vg/ V2 
| Total Gate Pulse Duration:* 
| For positive dv/dt 


= 
8 zi 5 = 
S e > 


е 


.485 


= 

P 

= 

TT 

sis 

RE Е 

v > 
о ~ 
c 












GE 

DIET 
= 
©. 





Cext) =0 = s | We 
| For negative dv/dt ty KS E We 
| Pulse Duration (After 
e Zero Crossing): 
For positive dv/dt tp; 10a, b 10d 
ua 


For negative dv/dt [N | 


For Operation at 120 V rms, 400 Hz 























Total Gate Pulse Duration: 
For positive dv/dt p 10a D EXT) = 0 12 us 10е 
For negative dv/dt tp 10а - [Ш м Bs 

DC Supply Voltage: 
Inhibit Mode Vs 3a Rs = 10k, IL =й - [68 V = 
Pulse Mode Vs За | R= 10k 9, i, =0 - |67 v - 





*Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 10 b. 
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ALL RESISTANCE VALUES ARE IN OHMS 






14 Ф ' 8 6 920M 15738RI 


Fig. 2 - Schemotic diagram for CA3059 , 





120 V RMS, 50-60 Hx OPERATION 
INPUT RESISTANCE (Rs) = 10k о 
EXTERNAL LOAD 





INHIBIT 























ALL RESISTANCE VALUES 
ARE IN OHMS 
92554255 - 
[] о 20 #0 4 5 60 7 в 
AMBIENT TEMPERATURE (TA) -°C il 
Fig. 3a - DC supply voltage test circuit Fig. 3b - DC supply voltage vs. ambient temperature 































































































































































































120 V RMS, 50-60 Hz OPERATION He II 120 V RMS, 50-60 Hx OPERATION 
| AMBIENT TEMPERATURE (T4) = 25° C | | H AMBIENT TEMPERATURE (TA) - 25° 
D es EL i T z z 
i t £ š 
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R 1 H Р 
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35 HHH I : 
[] T 2 3 4 
EXTERNAL LOAD CURRENT (IL) - mA H 1 3 
| 9255-4257 GATE TRIGGER VOLTS (Var) ҮТ 
Fig. 3c - DC supply voltage vs. external load current Fig. 4 - Gate trigger current vs. gate trigger voltage 








CA3059 


AC LINE 





ALL RESISTANCE VALUES ARE IN OHMS 255-4263 


Fig. 5a - Peak output (pulsed) and gate trigger current 
© with internal power supply test circuit 
Ф vee 








ALL RESISTANCE 
VALUES АВЕ 
IN OHMS 


9258-4260 


Fig. 6a - Peak output current (pulsed) with external 
power supply test circuit 
120 V RMS, 50—60 Hx OPERATION 


AMBIENT TEMPERATURE (TA) = 25° C 
GATE TRIGGER VOLTAGE (Voy) = 0 V 


PEAK OUTPUT AILLIANPERES (PULSED) |10u(4) 


0 5 10 15 


EXTERNAL POWER SUPPLY VOLTS (Ycc) 
3255-4264 





Fig. 6b - Peak output current (pulsed) vs. external power 


| supply voltage 
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120 V RMS, 50-60 Hz OPERATION 
GATE TRIGGER VOLTAGE (VGT) = 0V 
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Fig. 5b - Peak output current (pulsed) vs. ambient 
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Fig. 6c - Peak output current (pulsed) with external 
power supply vs. ambient temperature 
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120 V RAS, 50-60 Hz OPERATION 
INPUT RESISTANCE (Rg) = 10k Q 
6 NO EXTERNAL LOAD 


OUTPUT LEAKAGE NANOAMPERES (14) 
@ NR 





H 10 Е] » 40 EJ 60 70 80 
AMBIENT TEMPERATURE (T4) - °C 
9255-4266 


Fig. 7 - Output leakage current (inhibit mode) vs. 
ambient temperature 


ALL RESISTANCE VALUES 
ARE IN OHMS 


Fig. 9a - Input inhibit ratio test circuit 
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Fig. 8 - Input bias current test circuit 
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Fig. 9b.- Input inhibit voltage ratio vs. 
ambient temperature 
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Fig. 10a - Gate pulse duration test circuit Fig. 10b - Gate pulse duration wave form 
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OPERATING CONSIDERATIONS 
Power Supply Considerations 


The CA3059 is intended for operation as a self-powered 
circuit with the power supplied from an AC line through 
а dropping resistor. The internal supply is designed to 
allow for some current to be drawn by the auxiliary power 
circuits. Typical power supply characteristics are given 
in Figs. 3b and 3c. 


The output current available from the internal supply 
may not be adequate for higher power applications. In 
such applications an external power supply with a high- 
er voltage should be used with a resulting increase in 
the output level. (See Fig. 5b for the peak output 
current characteristics.) When an external power supply 
is used, Terminal 5 should be connected to Terminal 7 
and the synchronizing voltage applied to Terminal 12 
as illustrated in Fig. 5a. 


Operation of Built-in Protection Circuit 


А special feature of the CA3059 is the inclusion of a 
protection circuit which, when connected, removes 
power from the load if the sensor either shorts or opens. 
The protection circuit is activated by connecting Ter- 
minal 14 to Terminal 13 as shown in Fig. 1. To assure 
proper operation of the protection circuit the following 
conditions should be observed: 


1. Use the internal supply and limit the external load 
current to 2mA with a 5k О dropping resistor. 

2. Set the value of Rp and sensor resistance (Rx) 
between 2 k Q and 100 k Q . 


3. The ratio of Rx to Rp should be greater than 0.25 
and less than 4, If either of these ratios is not met 
with an unmodified sensor over the entire anticipated 
temperature range, then either a series or shunt re- 
sistor must be added to avoid undesired activation of 
the circuit. 


If operation of the protection circuit is desired under 
conditions other than those sp&cified above, then apply 
the data given in Fig. 11. 

External Inhibit Function 





A priority inhibit command may be applied to Terminal 1. a H 
The presence of at least + 1.2 Vat 10 p A will remove | 
drive from the thyristor. This required level is com- 

patible with DTL or T2 L logic. A logical 1 activates 

the inhibit function. 


DC Gate Current Mode e 


Connecting Terminals 7 and 12 disables the zero-cross- 
ing detector and permits the flow of gate current on 
demand from the differential sensing amplifier. This 
mode of operation is useful when comparator operation 

is desired or when inductive loads are switched. Care 
must be exercised to avoid overloading the internal pow- 
er supply when operating in this mode. A sensitive gate 
thyristor should be used with a resistor placed between 
Terminal 4 and the gate in order to limit the gate current. 


A Companion Application Note, ICAN-4158 provides a 
detailed description of the circuit operation and includes 
many useful control applications for the CA3059. 





DiMENSIONAL OUTLINE 


M-Lead Dual-In-Line Plastic Package 
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Applications and Extended 
Operating Characteristics 

for the RCA-CA3059 IC Zero- 
Voltage Switch 


by H. M. Kleinman and A. Sheng 


The RCA-CA3059 zero-voltage switch is a monolithic 
silicon integrated circuit designed to control a thyristor in a 
variety of ac power switching applications. A previous 
Application Note (ICAN-4158) described several useful 
control systems in which the CA3059 was used as a thyristor 
trigger. This Note briefly describes the CA3059 circuit, 
explains the circuit functions and basic system configura- 
tions, and gives supplemental data for extending operation to 
220-volt, 50-to-60-Hz lines and temperatures from -409C to 
+850C. It also discusses additional applications including the 
switching of inductive loads, the provision of negative gate 
current, operation with low-impedance sensors, and syn- 
chronous light flashers. 


CIRCUIT DESCRIPTION 


Operation of the CA3059 can best be explained by 
reference to the functional block diagram shown in Fig. 1 
and the schematic diagram shown in Fig. 2. In the following 
discussion, all voltages are referred to terminal 7. 























Rs 
юк 
‹ AN 
ї aw 
| 
60 Hz I 
120/240 l Fe 
vac LEXTERNAL - ! MT? 
` INHIBIT | 
rrr E ыд 1 
I == TRIAC |G, 
L ^ GATING >H 4) [MT 
|>” PROTECTION ees š 
Is GI FT, CIRCUIT INHIBIT I 
| 8 
| 
l 
] 
| 











*NEGATIVE TEMPERATURE COEFFICIENT 


Fig. 1 - Functional block diagram of CA3059 integrated- 
circuit zero-voltage switch. 


Power to the circuit may be derived directly from the ac 
line, as shown in Fig. 1, or from an external de power supply 
connected between terminals 2 and 7, as shown in Fig. 3. In 
the normal mode of operation, a dropping resistor Rs of 
5000 to 10,000 ohms is required to limit the current in the 
IC. The choice of resistor is a function of the average current 
drawn from the power supply, either by external circuits or 
by the thyristor trigger circuits, as shown in Fig. 4. 

The diodes D} and D2 in Fig. 2 form a symmetrical 
clamp that limits the voltages on the chip to £8 volts; D7 and 
руз form a half-wave rectifier that develops a positive 
voltage on the external storage capacitor. When an external 
power supply is used to increase the current capability of the 
IC, care must be used to avoid exceeding the 14-volt 
breakdown voltage rating between terminals 2 and 5. This 
requirement is not a problem if the supply voltage is 6 volts 
or less. If higher supply voltages are required, terminal 5 
must be shorted to terminal 7 and the line synchronizing 
voltage applied to terminal 12 through a resistor of 10,000 
ohms or more, as shown in Fig. 3. 

The functions of the other blocks in Fig. 1 can best be 
understood by consideration of the normal state of a 
thyristor gating circuit as its ON state, in which current is 
being delivered to the triac gate through terminal 4. The 
other circuit blocks inhibit the gating circuit unless certain 
conditions are met. In the ON state, Og and Qo are 
conducting, Q7 is off, and Ос is on. Any action that turns 
Q7 on removes the drive from Qg and allows the thyristor to 
turn off. Q7 may be turned on directly by application of a 
minimum of +1.2 voits at 10 microamperes to the 
EXTERNAL INHIBIT terminal 1. (If a voltage of more than 
2 volts is available, external resistance must be added to 
limit the current to 10 milliamperes.) Diode D| 0 isolates the 
base of Q7 from other signals when an external inhibit signal 
is applied so that this signal is the highest priority command 
for normal operation. (Although grounding of terminal 6 
creates a higher-priority inhibit function, this level is not 
compatible with normal DTL or TTL logic levels.) Q7 may 





Information furnished by RCA is believed to be accurate and 
reliable. However, no responsibility is assumed by RCA for 
its use; nor for any infringements of patents or other rights of 
third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or 
patent rights of RCA. 55 
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Fig. 2 - Schematic diagram of CA3059 zero-voltage switch. 
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Fig. 3 - Operation of the CA3059 from an external de 
power supply connected between terminals 2 and 7. 


also be activated by turning off Qg to allow current to flow 
from the power supply through R7 and Dip into the base. 
Ов is normally held on by current flowing into its base 
through R2,Dg, and Dg when Q4 is off. 

QI is a portion of the zero-crossing detector. When the 
voltage at terminal 5 is greater than *3 volts, current can 
flow through К], De, the base-to-emitter junction of Qj , and 
D4 to terminal 7 to turn on Qj and inhibit the pulse. For 
negative voltages with magnitudes greater than 3 volts, the 
current flows through Ds, the emitter-to-base junction of 
От, D3, and Rj, and again turns Qj on. Qj is off only when 


the voltage at terminal 5 is less than the threshold voltage of 


approximately 2 volts. When the CA3059 is connected as 
shown in Fig. 1, therefore, output occurs in a narrow pulse 
which is approximately centered about the zero-voltage time 








DC SUPPLY VOLTAGE —V 














EXTERNAL LOAD CURRENT —mA 


Fig. 4 - DC supply voltage as a function of external load 
current for several values of dropping resistance Rs. 


in the cycle, as shown in Fig. 5. In some applications, 
however, particularly those using either slightly inductive or 
low-power loads, the thyristor load current does not reach 
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Fig. 5 - Waveform showing output-pulse duration of CA3059. 











the holding current by the end of this pulse. Fig. 6 shows 
how an external capacitor between terminal 5 and 7 can be 
used to delay the pulse to accommodate such loads. The 
amount of pulse stretching and delay is shown in Figs. 7(a) 
and 7(b). 









120 V RMS 
60 Hz 


ALL RESISTANCE 
VALUES ARE IN OHMS 


e 6 - Use of a capacitor between terminals 5 and 7 
to delay the output pulse of the CA3059. 


Continuous gate current can be obtained if terminal 12 is 
connected to terminal 7 to disable the zero-crossing detector. 
In this mode, QI is always off. This mode of operation is 
useful when comparator operation is desired or when 
inductive loads must be switched. (If the capacitance in the 
load circuit is low, most RFI is eliminated.) Care must be 
used to avoid overloading of the internal power supply in this 
mode. A sensitive-gate thyristor should be used and a resistor 
placed between terminal 4 and the gate of the thyristor to 
limit the current. 


THE ON-OFF SENSING AMPLIFIER 


The discussion. thus far has considered only cases in 
which pulses are present all the time or not at all. The 
ilferential sense amplifier consisting of transistors Q2, Q3, 
bh. and Qs makes the CA3059 a flexible power-control 
circuit. The transistor pairs Q2-Q4 and Q3-Q5 form high-beta 
composite p-n-p transistors in which the emitters of Q4 and 
Qs act as the collectors of the composite devices. These two 
composite transistors are connected as a differential amplifier 
with R3 acling as a constant-current source. The relative 
current flow in the two “collectors” is a function of the 
difference in voltage between the bases of Q2 and Оз. 
Therefore, when terminal 13 is more positive than terminal 
9, little or no current flows in the “collector” of Q2-Q4; 
when terminal 13 is negative with respect to terminal 9, most 
of the current flows through that path and none in terminal 
8, When current flows іп Q2-Q4, the path is from the supply 
through R3, through Q2-Q4, through the base-emitter 
junction of Qj, and finally through D4 to terminal 7. 
Therefore, when V 3 is equal to or more negative than Vo, 
Q is on and output is inhibited. 


In the circuit shown in Fig. 1, the voltage at terminal 9 is 
derived from the supply by connection of terminals 10 and 
11 to form a precision voltage divider. This divider forms one 
side of a transducer bridge, with Rp and the NTC sensor 
forming the other. At low temperatures, the large value of 
the sensor causes terminal 13 to be positive with respect to 
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Fig. 7 - Curves showing effect of external capacitance on 
(a) the total output-pulse duration, and (b) the time from 
zero crossing to the end of the pulse. 


terminal 9 so that the thyristor fires on every half-cycle and 
power is applied to the load. As the temperature increases, 
the sensor resistance decreases until a balance is reached and 
Vi3 approaches Vg. At this point, Q2-Q4 turns on and 
inhibits any further pulses. The controlled temperature is 
adjusted by variation of the value of Rp. For cooling service, 
either the positions of Rp and the sensor may be reversed or 
terminals 9 and 13 may be interchanged. 

The low bias current of the sensing amplifier permits 
operation with sensor impedances of up to 0.1 megohm at 
balance without introduction of substantial error (i.e., 
greater than 5 per cent). The error may be reduced if the 
internal bridge elements R4 and Rs are not used but are 
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replaced with resistors which equal the sensor impedance. 
The minimum value of sensor impedance is restricted by the 
current drain on the internal power supply; the curves shown 
in Fig. 4 should be consulted when low-impedance sensors 
are used. Operation with sensors as low as 300 ohms may be 
obtained with a 5000-ohm series resistor. Slightly better 
sensitivity can be realized if Rs is reduced to 4000 ohms. 


ADDING HYSTERESIS 


Because the logic circuitry of the CA3059 causes a 
decision concerning power delivery to be made on each 
half-cycle, it is possible that power may be required for an 
odd number of half-cycles once equilibrium is reached. In 
systems with relatively fast response times (less than 1 
second), a substantial dc component might be placed on the 
power line and cause heating of any isolation or distribution 
transformers. This problem may be reduced by introducing 
hysteresis into the system, as shown in Fig. 8. A “dead zone" 
of 10 per cent of the sensor impedance may be achieved by 
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Fig. 8 - CA3059 on-off controller with hysteresis. 





use of a sensor resistance Ra of 0.1 megohm, an Ry value of 
0.2 megohm, and ап R2 value of 18000 ohms. A decrease 
in the R2 value reduces the effect. With a 5000-ohm sensor 
impedance, values of 12000 ohms for Кү and Rọ yield a 
5-per-cent dead zone. A more eleborate system (described in 
ICAN-4158) is required if the degree of hysteresis must be 
accurately controlled. 


PROPORTIONAL CONTROL 


The ON-OFF nature of the control shown in Fig. 1 causes 
some overshoot that leads to a definite steady-state error. 
The addition of hysteresis adds further to this error factor. 
However, the connections shown in Fig. 9(a) can be used to 
add proportional gontrol to the system. In this circuit, the 
sense amplifier is connected as a free-running multivibrator. 
At balance, the voltage at terminal 13 is as shown in Fig. 9 
(b). When this voltage is more positive than the threshold, 
power is applied to the load so that the duty cycle is 
approximately 50 per cent. With a 0.1-megohm sensor and 
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' 
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Fig. 9 - Typical heating control with proportional control: 
fa) schematic diagram, and (b) waveform of voltage at 
terminal 13. 


values of Rp = 0.1 megohm, R2 = 10,000 ohms, and Cext. = 
10 microfarads, a period greater than 3 seconds is achieved. 
This period should be much shorter than the thermal time 
constant of the system. Changing the value of any of these 
elements changes the period, as shown in Fig. 10. As the 
resistance of the sensor changes, the voltage on terminal 13 
moves relative to Vg. A cooling sensor moves Уз in a 
positive direction. The triac is ON for a larger portion of the 
pulse cycle and increases the average power to the load. 
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Fig. 10 - Effect of variations in time-constant elements on 
period. 


As in the case of the hysteresis circuitry described, some 
special applications may require more sophisticated systems 
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to achieve either very precise regions of control or very long 
periods (see ICAN-4158). 


FAIL-SAFE OPERATION 


A special feature of the CA3059 is the inclusion of a 
fail-safe circuit which removes power from the load if the 
sensor either shorts or opens. However, use of this circuit 
places certain constraints upon the user. Specifically, fail-safe 
operation is guaranteed under the following conditions: 

1. The circuit configuration of Fig. 1 is used, with an 
internal supply, no external load on the supply, and terminal 
14 connected to terminal 13. 


2. The value of Rp and of the sensor resistance must be 
between 2000 ohms and 0.1 megohm. 


3. The ratio of sensor resistance and Rp must be greater 
than 0.25 and less than 4.0 for all normal conditions (if 
either of these ratios is not met with an unmodified sensor, a 
series resistor or a shunt resistor must be added to avoid 
undesired activation of the circuit). 

o Fail-safe operation may be applied to other systems 
when operation of the circuit is understood. The fail-safe 
circuit consists of D12, D15, and Ор. D12 activates the 
fail-safe circuit if the sensor shown in Fig. | shorts or drops 
too low in value, as follows: Q6 is on during an output pulse 
so that the junction of Dg and Dj2 is 3 diode drops 
(approximately 2 volts) above terminal 7. As long as V44 is 
more positive or only 0.15 volt negative with respect to that 
point, Dj2 does not conduct and the circuit operates 
normally. If the voltage at terminal 14 drops to 1 volt, the 
anode of Dg can have a potential of only 1.6 to 1.7 volts, 
and current does not flow through De, Do, and Q6; the 
thyristor then turns off. The actual threshold is approxi- 
mately 1.2 volts at room temperature, but decreases 4 
millivolts per degree C at higher temperatures. As the sensor 
resistance increases, the voltage at terminal 14 rises toward 
the supply voltage. At a voltage of approximately 6 volts, the 
zener diode 0 s breaks down and turns on Q0, which then 
turns off Q6 and the thyristor. If the supply voltage is not at 
least 0.2 volt more positive than the breakdown of 015, 

e... of the fail-safe circuit is not possible. For this 
reason, loading the internal supply may cause this circuit to 
malfunction, as may selection of the wrong external supply 
voltage. Fig. 11 shows a guide for the proper operation of the 
fail-safe circuit when an external supply is used. 


SUPPLEMENTAL CHARACTERISTICS DATA 


Fhe characteristics curves shown in Fig. 12 are similar to 
curves shown in the published data for the CA3059 (RCA 
File No. 397, dated 10/69), but have been extended to cover 
the entire operating range from 40°C to +850C. Fig. 13 
presents data required for operation of the CA3059 from the 
220-volt, 50-Hz lines which are common in Europe and from 
the 220-to-240-volt, 60-Hz lines which are commonly used 
for high-power applications in the United States. Although 
the CA3059 may be operated from any line voltage or 
frequency, the characteristics of the output pulse change for 


` 








different line voltages and frequencies. Figs. 13(a) and (b) 
show relative pulse width and location of the zero-voltage 
crossing when a 10,000-ohm series dropping resistor is used. 
Figs. 13(c) and (d) show the same information for an 
increased resistor value of 20,000 ohms. 
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Fig. 11 - Operating regions for built-in protection circuits. 


APPLICATIONS OF THE CA3059 


The early sections of this Note described the basic 
operation of the CA3059 in heating control systems. The 
circuit is adaptable to many other control functions by 
variation of the type of sensor used or by the use of the 
inputs of the differential amplifier to detect the difference 
between two externally developed voltages. A previous 
Application Note (ICAN-4158) describes the following use- 
ful CA3059 systems: 


1) a controller with an external fail-safe circuit for use 
when the sensor does not meet the requirements for 
use of the internal circuit, 

2) a controller with provisions for accurate setting of 
hysteresis, 

3) a proportional control system with an external ramp 
generator, 

4) a dual-output, over-under temperature controller, 

5) a heat staging controller, 

6) a circuit which eliminates half-cycling, 

7) a circuit with an isolated sensor, 

8) a power one-shot control, 

9) a synchronously switched traffic flasher, 

10) transient-free switch controllers. 


Although most of these circuits illustrate a heating control 
circuit, they are all adaptable to other control functions by 
change of the control logic or sensor. 


SWITCHING INDUCTIVE LOADS 

For proper driving of a thyristor in full-cycle operation, 
gale drive must be applied soon after the voltage across the 
device reverses. When resistive loads are used, this reversal 
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Fig. 12 - Characteristics curves of the CA3059 extended 
to cover the operating range from -40 to +850C. 


occurs as the line voltage reverses. With loads of other power 
factors, however, it occurs as the current through the load 
becomes zero and reverses. 


There are several methods for switching an inductive 
load at the proper time. If the power factor of the load is 
high (i.e., if the load is only slightly inductive), the pulse may 
be delayed by addition of a suitable capacitor between 
terminals 5 and 7, as described in the published data for the 
CA3059. For highly inductive loads, however, this method is 
not suitable and different techniques must be used. 


One technique is suggested in the circuit description 
section of this Note. If gate current is continuous, the triac 
automatically commutates because drive is always present 
when the voltage reverses. This mode is established by 
connection of terminals 7 and 12. The zero-crossing detector 
is then disabled so that current is supplied to the triac gate 
whenever called for by the sensing amplifier. Although the 
RFl-eliminating function of the CA3059 is inhibited when 
the zero-crossing detector is disabled, there is no problem if 
the load is highly inductive because the current in the load 
cannot change abruptly. 

The limitation to this mode of operation is that the 
internal power supply cannot deliver a large average current; 
therefore, a sensitive-gate triac is required. Because these 
triacs have somewhat limited load-carrying capacity, this 
approach cannot be used universally. 


The previous Note ICAN-4158 showed circuits which 
used a sensitive-gate triac to shift the firing point of the 
power triac by approximately 90 degrees. If the primary 
load is inductive, this phase shift corresponds to firing at zero 
current in the load. However, changes in the power factor of 
the load or tolerances of components will cause errors in this 
firing time. 

The circuit shown in Fig. 14 uses a CA3018 inte- 
grated-circuit transistor array to detect the absence of load 
current by sensing the voltage across the triac. The internal 
zero-crossing detector is disabled by connection of terminal 
12 to terminal 7, and control of the output is made through 
the external inhibit input, terminal 1. The circuit permits an 
output only when the voltage at point A exceeds two УВЕ 
drops or 1.3 volts. When A is positive, Q3 and Q4 conduct 
and reduce the voltage at terminal 1 below the inhibit state. 
When A is negative, Q] and Q2 conduct. When the voltage at 
point A is less than +1.3 volts, neither of the transistor pairs 
conducts; terminal 1 is then pulled positive by the current in 
R3and output is inhibited. 

The circuit of Fig. 14 forms a pulse of gate current in the 
manner described below, and can supply high peak drive to 
power triacs with low average current drain on the internal 
supply. The gate pulse will always last just long enough to 
latch the thyristor so that there is no problem with delaying 
the pulse to an optimum time. As in other circuits of this 
type, RFI results if the load is not suitably inductive because 
the zero-crossing detector is disabled and initial turn-on 
occurs at random. 

The gate pulse forms because the voltage at point A 
when the thyristor is on is less than 1.3 volts; therefore, the 
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Fig. 13 - Relative pulse width and location of zero-voltage crossing for 220-volt operation. 


output of the CA3059 is inhibited, as described above. The 
resistor divider R| and R should be selected to assure this 
condition. When the triac is on, the voltage at point A is 
approximately one-third of the instantaneous on-state 
voltage (vT) of the thyristor. For most RCA thyristors, vT 
(max) is less than 2 volts and the divider shown is a 
conservative one. When the load current passes through zero, 
the triac commutates and turns off. Because the circuit is still 
being driven by the line voltage, the current in the load 
attempts to reverse, and voltage increases rapidly across the 
“turned-off” triac. When this voltage exceeds 4 volts, one 
portion of the CA3018 conducts and removes the inhibit 
signal to permit application of gate drive. Turning the triac 
on causes the voltage across it to drop and thus ends the gate 
pulse. If the holding current has not been attained. another 
gate pulse forms, but no discontinuity in the load current 
Occurs. 


PROVIDING NEGATIVE GATE CURRENT 


Triacs trigger with optimum sensitivity when the polarity 
of the gate voltage and the voltage at the main terminal 2 are 
similar (1+ and I- modes). Sensitivity is degraded when the 
polarities are opposite (I- and III modes). Although RCA 
triacs are designed and specified to have the same sensitivity 
in both I-and HI* modes, some other types have very poor 
sensitivity in the IT condition. Because the CA3059 
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Fig. 14 - Circuit for switching inductive loads. 
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supplies positive gate pulses, it may not directly drive some 
higher-current triacs of these other types. 

The circuit shown in Fig. 15 (a) uses the negative-going 
voltage at terminal 3 of the CA3059 to supply a negative gate 
pulse through a capacitor. The curve in Fig. 15 (b) shows the 
approximate peak gate current as a function of gate voltage 
VG. Pulse width is approximately 80 microseconds. 
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(b) 
Fig. 15 - Use of the CA3059 to provide negative gate 
pulses: (a) schematic diagram; (b) peak gate current (at 
terminal 3) as a function of gate voltage. 


OPERATING WITH LOW-IMPEDANCE SENSORS 

Although the CA3059 can operate satisfactorily with a 
wide range of sensors, sensitivity is reduced when sensors 
with impedances greater than 20,000 ohms are used. Typical 
sensitivity is one per cent for a 5000-ohm sensor and 
increases to three per cent for a 0.1-megohm sensor. 

Low-impedance sensors present a different problem. The 
sensor bridge is connected across the internal power supply 
and causes a current drain. A 5000-ohm sensor with its 
associated 5000-оһт series resistor draws less than 1 milliam- 
pere. On the other hand, a 300-ohm sensor draws a current 
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of 8 to 10 milliamperes from the power supply. 

Fig. 16 shows the 600-ohm load line of a 300-ohm 
sensor on a redrawn power-supply regulation curve for the 
CA3059. When a 10,000-ohm series resistor is used, the 
voltage across the circuit is less than 3 volts and both 
sensitivity and output current are significantly reduced. 
When a 5000-ohm series resistor is used, the supply voltage is 
nearly 5 volts and operation is approximately normal. For 
more consistent operation, however, a 4000-ohm series 
resistor is recommended. 








LOAD CURRENT—mA 
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Fig. 16 - Power-supply regulation of the CA3059 with a 
300-ohm sensor (600-ohm load) for two values of series 
resistor. 

SYNCHRONOUS LIGHT FLASHER 


The circuit shown in Fig. 17 is a simplified version of the 
system shown in the previous Note ICAN-4158, Flash rate 
is set by use of the curve shown in Fig. 10. If a more precise 
flash rate is required, the ramp generator described in the 
previous Note may be used. In this circuit, IC| is the master 
control unit and IC is slaved to the output of IC] through 














Fig. 17 - CA3059 synchronous light flasher. 


its inhibit terminal (terminal 1). When power is applied to 
lamp No. 1, the voltage of terminal 6 on IC] is high and IC 
is inhibited by the current in Rx. When lamp No. 1 is off, 
IC is not inhibited and triac Y2 can fire. The power supplies 
operate in parallel. The on-off sensing amplifier in IC? in not 
used. 
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kan voor U ook zeer interessant blijken! 


Mocht U over de onderwerpen onder "bliksems en donders" en "dieven" meer wil- 
len weten, stuurt U dan de voorin deze documentatie opgenomen corresponden- 
tiekaart aan ons op. Wij zullen U dan gaarne nadere documentatie verstrekken. 


| In voorbereiding voor deze documentatie 
o zijn onder andere de onderwerpen: toepassingen van de CA 5018 
geïntegreerde schakeling 

van RCA. 






de Hart-versterker; een 2x25 


en 2x40 watt audio verster- 
ker van hoogwaardige kwa- 
liteit (derde druk). 


d - in voorbereiding - 
C toepassingen van diverse geïn- 
m oed 


tegreerde schakelingen uit 
de lineaire en digitale sec- 
tor van ons programma. 








Heeft U ook toepassingen van moderne halfgeleiders; stuurt u ze ons gerust 
toe: U kunt een mede-abonnee ermee van dienst zijn. Voor de uitwerking van 
Uw kladtekening zorgen wij wel .....! 
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Prijzen van de in deze technische documentatie besproken produkten. 





Onderstaande prijzen zijn geheel vrijblijvend en exclusief 14% B.T.W. Deze prijzen zijn 
aan verandering onderhevig en waren van toepassing d.d. 2 april 1971. 


Statische MOS shift registers in TO-5 behuizing, fabrikaat Texas Instruments. 





type TMS 7B 5000 LA 2 x 25 bits register f 52,96 
type TMS 4C 3002 LA 2 x 50 bits register f 55,85 
type TMS 7C 5005 LA 2 x100 bits register f 171,65 


Dubbele Schmitt trigger in een 14 pens dual-in-line behuizing, fabrikaat Texas Instru- 
ments. 





type SN 7413N dubbele schmitt trigger f 6,15 
type SN 7413N bij afname van 25 TTL IC's gemengd f 4,73 


Geïntegreerde schakelingen, lineair, fabrikaat R.C.A. 
type CA 5055 drievoudige versterker Ed 
type CA 3047 operationele versterker f 12,60 
type CA 3059 nulspanningsregelaar 7 





Apparatuur. Fabrikaat Bourns Security Systems Inc. USA. 





type ААХ  ultrasonische inbraakalarmering f 595,00 

type ACA150x ultrasonische inbraakalarmering f 775,00 
Fabrikaat Walter Schmidt, Ing. West-Duitsland. 

type THP 800K onweer-prognose-apparaat, kit f 105,50 


type THP 800 onweer-prognose-apparaat, compleet f 192,00 
type THP 8008 onweer-prognose-apparaat, met extra 


uitgang voor schrijvers e.d. f 220,00 
type THP 200 onweer-prognose-apparaat, met twee 
afstandsbereiken f 672,00 
Digitale multimeter voor zelfbouw. Prijzen van de meest belangrijke onderdelen, 
type CA 3047 operationele versterker f 12,60 
type 3N141 dual-gate MOS fet | 1,50 
type 1N914 (-1N4148) silicium diode f 0,38 


Voor de weerstanden, condensatoren e.d. verwijzen wij U naar 
onze beknopte gratis prijslijst. 

Deze schakeling kaa worden gevoed uit onze speciale ingegoten 
transformator (2x12 volt, 5VA) f 11,00 


Voor de totaalteller kunt U gebruik maken van het door ons | 
aangeboden counterset bestaande uit: 

de SN 7490N, de SN 7447N en de 3015F indicator f 55,00 

16 pens wire wrap voet voor het haaks opstellen 

van de indicator 3015F f 4,35 

"Molex" printpennen voor zelfbouw IC voeten f 7,00/100. 


Plakt U Uw printen zelf? Wij kunnen U hiertoe uit voorraad diverse maten printtape, 
cirkels en IC plakkers leveren. Vraagt U onze verkoopafdeling hier eens naar. Ook 
printsets voor het positief procédé kunnen wij U uit voorraad leveren: 


/ 


= e 
N.V. Technische Handelmaatschappij Van Dam Blektronica 
Verkoopt Snellemanstraat 11, Postbus 5149, Rotterdam-noord, Telefoon: (010)-240812-243497. Postgiroroke- 

ning: 2955 50. Bankrelatie: Amsterdam-Rotterdam Bank, Middellandstraat, Rotterdam. von ат 
Verkooppunt Amsterdam: Blas rant 14-16, Amsterdam, Telefoon: (020)-94/218. 
Hoofdkantoor en administratie (geen verkoop of technische informaties): Snellemanstraat 10, Hotterdam-N ELEKTRONICA 


telefoon: (010)-245516. Inlichtingen en verkoop uitsuitend via tel.: (010)-240812 en 2454971! 
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